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Translation of letter from Ciba to the EPO, dated 4 September 2008 

Opposition against European Patent No. 1 041 879 
Application No.: 98954966.2 
Proprietor: Pure Bioscience 

El Cajon, CA 92020 (US) 

Our Ref:HM/l-E 3348 



An 

OPPOSITION 

according to Art. 99 EPC is hereby filed against European Patent No. 1 041 879 of the 
company PURE BIOSCIENCE with the title "Disinfectant and method of making", and 

1. it is requested that the patent be revoked in its entirety in accordance with Art. 100 a) and 
100 b) EPC, as its subject-matter is not novel and is not based on an inventive step (Art. 52 
(1), Art. 41 (1) to (3), Art. 56 EPC) and the invention is not disclosed in a manner sufficiently 
clear and complete for it to be carried out by a person skilled in the art (Art. 83 EPC), and 

2. if the patent has not already been revoked in its entirety in the written proceedings, it is 
additionally requested that oral proceedings (Art. 116 EPC) be arranged. 

The opposition fee is to be debited from our current account number 28110003 with the 
European Patent Organisation. A corresponding debit order is enclosed. 

The following reference material is drawn on to substantiate the Opposition: 
Dl US 4 915 955 

D2 JP-A-07165510 (as Derwent Abstract No. 95-261152/34; a translation of JP-A- 
07165510 is submitted) 



2 



D3 Krishna C. Mathur and Arun K. Dey, "On the composition of silver citrate", Jour. 

Indian Chem. Soc. Vol. 84, No. 9, 1957, page 713 
D4 US 4 755 268 

D5 Srivastava G. C. et al., "Development of ready to use antiseptic dressings", Labdev J. 

Sci. Tech., Vol. 8-B, No. 4, October 1970, pages 209 to 213 
D6 WO 96/39837 

D7 The Merck Index, Twelfth Edition, 1 996, page 392 

1. Insufficient disclosure, Article 83 EPC (Article 100(b) EPC) 

As regards the amounts of silver citrate specified in percent by volume in claims 7, 10, 18 
and 30, it is left unclear to the person skilled in the art what amounts are to be used. Silver 
citrate is a substance which is present in solid form at room temperature and which is present 
in solution in the aqueous formulation. This leads to the question of how the specified amount 
in percent by volume is to be understood. This specified amount could possibly be 
interpreted, for example, as being a volume which is calculated from the density of the silver 
citrate, or equally as being the increase in the volume of the corresponding solution caused by 
the presence of silver citrate. 

This applies analogously to claims 8, 9, 14, 15 and 19, in which an amount is specified in 
percent by volume, albeit only for silver in these cases. 

As regards the specified amounts of citric acid, it is assumed that these are percentages by 
volume throughout. This results in similar ambiguities, because citric acid is also a substance 
which is in solid form at room temperature. 

2. Novelty, Article 54 EPC (Article 100(a) EPC) 

The independent claim 1 of the disputed patent relates to an aqueous disinfectant, comprising: 
an aqueous solution of silver citrate wherein the silver ions are electrolytically generated in a 
solution of citric acid and water to form a solution comprising 
1 % to 10 % citric acid and 
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a complex having the formula Ag + CA~, wherein 
CA" is the citric acid anion. 

The dependent claims 2 to 5 relate to specifications as to the metal complexes formed by the 
silver with the citric acid. 

The independent claims 6 to 9 basically relate to preferred concentrations for the citric acid 
and/or the electrolytically generated silver or the silver citrate formed thereby. Claims 8 to 9 
also relate to concentrated forms of the disinfectant having an extended shelf life. 

The independent claim 10 of the disputed patent relates to an aqueous disinfectant 
comprising: 

an aqueous solution of silver citrate in a solution of citric acid and water wherein 

the concentration of silver citrate exceeds 0.05 % by volume comprising 

1 % to 10 % citric acid and 

a complex having the formula Ag + CA~, wherein 

(CA)" is the citric acid anion. 

The independent claim 1 1 of the disputed patent relates to an aqueous disinfectant as defined 
in claim 10, wherein 

the aqueous solution of silver citrate is formed from electrolytically generated silver in a 
solution of citric acid and water, and 

the disinfectant further comprises approximately 20 % alcohol by volume. 
According to the dependent claim 12, the alcohol is ethyl alcohol. 

The dependent claims 13 to 15 basically relate to preferred concentrations for the citric acid 
and/or the electrolytically generated silver. 

The independent claim 16 of the disputed patent relates to an aqueous disinfectant, 
comprising: 
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an aqueous solution of silver citrate wherein silver ions are electrolytically generated in a 

solution of citric acid and water to form a solution comprising 

1 % to 10 % citric acid and 

a complex having the formula Ag + CA", wherein 

(CA)~ is the citric acid anion, 

approximately 20 % ethyl alcohol by volume, and 

approximately 0.01 % to 0.1 % anionic detergent by volume. 

The independent claims 17 to 19 basically relate to preferred concentrations for the citric acid 
and/or the electrolytically generated silver or the silver citrate formed thereby. The 
independent claim 20 specifies that the detergent is sodium dodecylsulphate. 

The independent claim 21 of the disputed patent relates to a process for making a 
disinfectant, wherein 

silver is electrolytically generated in a solution of citric acid and water to form an aqueous 

solution of silver citrate comprising 

1 % to 10 % citric acid and 

a complex having the formula Ag + CA" wherein 

(CA)~ is the citric acid anion. 

The dependent claims 22 to 29 relate to preferred embodiments of this process. 

The independent claim 30 of the disputed patent relates to an aqueous solution of silver 
citrate, comprising: 

an aqueous solution of silver citrate in a solution of citric acid and water comprising 
1 % to 10 % citric acid and 

a complex having the formula Ag + CA\ wherein (CA)~ is the citric acid anion and wherein 
the concentration of silver citrate exceeds 0.05 % by volume. 

The claimed compositions and the compositions obtained by the claimed processes are 
basically intended to be used as disinfectants, which have, inter alia, an improved shelf life. 
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In the following discussion of the state of the art, in the claims relating to the compositions, 
insofar as it is specified there, the feature that the silver ions are produced electrolytically in a 
solution of citric acid and water is not considered to be a feature differentiating from the state 
of the art. It is not discernable how compositions obtained in this manner differ from those 
which are obtained in another way, such as by reacting a silver salt with citric acid to form 
complexes of the formula Ag + CA\ 

Column 12, lines 32 to 42 of the disputed patent refer to a higher solubility as compared with 
other silver citrates. The solubility cited there from the Merck Index, 11 th Edition (1989), 
page 1348 refers to compounds of the formula C 6 H 5 Ag307, and not to those of the formula 
Ag + CA". This comparison therefore cannot provide any indication as to whether 
electrolytically obtained compounds of the formula Ag + CA" differ in solubility from 
compounds of the formula Ag + CA" obtained in other ways. For completeness* sake, it should 
be noted that silver citrates with a better solubility than compounds of the formula 
C 6 H 5 Ag30 7 had already been disclosed in D3 in 1957 (see the following discussion of D3), 
and in D5 in 1970. Thus, in the right-hand column on page 209 of D5, an aqueous solution 
containing 0.5 % silver citrate is disclosed, and this has a greater solubility than the solubility 
specified in the Merck Index for the compound of formula C 6 H 5 Ag307. 

Corresponding compositions according to the disputed patent are already known from Dl, D2 
and D3. 

a) Example 1, column 4, line 62 to column 5, line 21 of Dl discloses the production of a 
solution which contains 
1 litre of water, 

100 g 75 % aqueous phosphoric acid, 
140 g silver nitrate, 
50 g citric acid, and 
20 g gelatin. 

The solution obtained has a pH of less than or equal to 1.6. 
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According to Dl, the concentrates disclosed therein have an unlimited shelf-life (see the 
abstract on page 1 of Dl) and are used as disinfectants. 

The amount of 50 g citric acid used in Example 1 corresponds to an amount of approximately 
3.8 % by weight, based on the total weight of the solution. Further, the 50 g of citric acid 
used in the Example correspond to 30 cm 3 (at a citric acid density of 1.665 g/cm 3 ). 

It is therefore to be assumed that the citric acid is present in an amount of more than 1 % by 
volume based on the total volume of the solution. 

As regards the presence of complexes of the formula Ag + CA", it should be noted that these 
are already present due to the dissociation of the citric acid which takes place in the aqueous 
solution and due to the presence of the silver nitrate salt. 

The citric acid is a multiprotic acid. At low pHs, such as that of less than or equal to 1.6 in the 
Example of Dl, the further deprotonation of a CA" radical is reduced in such a way that the 
CA" radical is still obtained at relatively high concentrations (see also the pK values of the 
individual dissociation stages of the citric acid: pKi = 3.128, pK 2 = 4.761, pK 3 = 6.396 
according to D7). It is therefore to be assumed that in Example 1 of Dl, the CA" radical, and 
also the complex of formula Ag + CA" due to the introduced silver nitrate, are present at a 
relatively high concentration. 

As regards the dependent claims 2 to 5, it is to be noted that the formation of the complexes 
mentioned therein is inherently connected with the production of corresponding solutions. 

Dl is therefore prejudicial to the novelty of the subject-matters of claims 1 to 5, 8, 10 and 30 
of the disputed patent. 

b) In the Derwent Abstract Example, D2 discloses the production of a solution containing 
10 gchitosan, 
1,000 ml water, 
10 g citric acid, and 
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500 mg silver nitrate. 

It is specified that the citric acid is preferably used in a concentration of 0.1 to 10 %. 
It is specified that these are disinfectants and have a good shelf-life. 

When using 10 % citric acid, as proposed in the description, the Example of D2 results in an 
amount of 10 % by volume or 10 % by weight citric acid (since the percentage is not 
specified in greater detail in D2). Even making the assumption that this amount is being 
specified in % by weight, this results in an amount greater than 5 % by volume, taking into 
account the density of the citric acid. 

As regards the presence of complexes of formula Ag + CA", reference is made to the arguments 
given above in the discussion of Dl. Therefore, these complexes also ought to be present in 
the Example of D2. 

D2 is therefore also prejudicial to the novelty of the subject-matters of claims 1 to 7 and 30 of 
the disputed patent. 

c) The fourth paragraph of D3 discloses the production of a mixture of equal volumes of a 
0.125-molar aqueous silver nitrate solution and a 1 -molar aqueous citric acid solution. 

This results in a citric acid content of approximately 9.6 % by weight. Taking into account 
the density of the citric acid, this results in an amount greater than 5 % by volume. 

It is further disclosed that when sodium, potassium or ammonium hydroxide is added to the 
mixture, Ag 3 citrate is precipitated. In this regard, it is disclosed that a soluble silver citrate is 
unstable in the presence of alkali and is precipitated as silver citrate (Ag 3 citrate) when 
hydroxyl ions are added. 

Therefore, in the specified mixture, a soluble silver citrate is obtained and precipitates as Ag 3 
citrate in the alkaline range. Due to the solubility in the relatively low pH range, the silver 
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citrate should be in the form of the Ag + CA~ complex (see also the above arguments relating to 
Dl, regarding the formation of the Ag + CA" complex at low pHs). 

It should also be noted that it is disclosed in the first paragraph of D3 that silver citrate can be 
dissolved in an excess of citric acid. 

Based on the amount of silver nitrate used and on the above arguments, this complex should 
be present in amounts greater than 0.05 % by volume. 

The use of silver as a disinfectant has long been known and is part of general specialised 
knowledge. 

D3 is therefore prejudicial to the novelty of the subject-matters of claims 1 to 10 and 30 of 
the disputed patent. 

3. Inventive step, Article 56 EPC (Article 100(a) EPC) 

a) Dl or combination of Dl with D4 

Dl relates to aqueous, storage-stable, clear concentrates, containing 
an inorganic acid for yielding a pH of less than or equal to 1.6, 
a silver salt or a silver salt complex, and 
an organic acid as a stabiliser 
(see for example claim 1 of Dl). 

According to column 2, lines 63 and 64 of Dl, tartaric acid and/or citric acid are preferred as 
stabilisers. The stabilising effect of citric acid is also known from D6 (see D6, page 1, lines 
16 to 20). 

The above concentrates may be mixed with hydrogen peroxide, resulting in a synergy of the 
two disinfectants (i.e. between the concentrate containing silver salt and the hydrogen 
peroxide (see column 1, line 65 to column 2, line 4 of Dl). 
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Example 1 of Dl already discloses solutions in accordance with the disputed patent. 

Claims 6, 7, 9, and 1 1 to 20 merely additionally specify the amount of citric acid and/or silver 
citrate or silver, or relate to the additional presence of approximately 20 % of an alcohol (in 
particular ethanol) and approximately 0.01 to 0.1 % of an anionic detergent (in particular 
sodium dodecylsulphate). 

The amounts of the components mentioned are already routinely varied by the person skilled 
in the art; the alcohol and the anionic detergents are conventional additives, and so these 
embodiments cannot form the basis for the presence of an inventive step. 

It should further be noted that electrolytic methods for the production of disinfectants 
containing silver have long been known (see D4). 

Thus, D4 discloses a conventionally used method for the production of water containing 
silver ions, according to which the silver ions are produced by applying a voltage between an 
anode provided with silver and a cathode (see column 1, lines 46 to 52 of D4). The method 
claimed in D4 also makes use of this procedure (see the abstract on the title page of D4). 

The electrolytic production of silver ions is therefore a conventional method, which the 
person skilled in the art would also consider suitable for the production of concentrates such 
as are disclosed in Dl. 

The method according to claim 21 of the disputed patent thus differs from the method 
disclosed in Example 1 of Dl only as regards the electrolytic production of the silver ions in 
the solution of citric acid and water. This procedure is made obvious by the combination of 
Dl and D4. 

As regards the method claims 22 to 25, it should be noted that the formation of the complexes 
mentioned there is inherently connected with the production of corresponding solutions. 

Method claims 26 to 29 relate to conventional embodiments of the electrolytic method. 
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Claims 1 to 30 of the disputed patent are therefore, insofar as they are not already anticipated 
in a manner prejudicial as to novelty, made obvious by Dl or the combination of Dl with D4. 

b) D2 or combination of D2 with D4 

D2 relates to aqueous disinfectants, comprising 

inorganic and/or organic acids, 

silver compounds (preferably silver nitrate) and 

chitosan. 

Citric acid or acetic acid in a concentration of 0.1 to 10 % is preferred as an organic acid. 

It is further disclosed that these solutions have a good shelf-life (for example two years at 
room temperature). 

The Example of D2 already discloses solutions according to the disputed patent. 

For the reasons given above under 3a), claims 1 to 30 of the disputed patent are therefore, 
insofar as they are not already anticipated in a manner prejudicial as to novelty, also made 
obvious by D2 or the combination of D2 with D4 in an analogous manner. 

c) D3 or combination of D3 with D4 

The fourth paragraph of D3 discloses the production of a mixture of equal volumes of a 
0.125-molar aqueous silver nitrate solution and a 1 -molar aqueous citric acid solution. 

Taking into account the density of the citric acid, this results in an amount of greater than 5 % 
by volume for the citric acid. 

A soluble silver citrate is also described, and given the solubility, this must be the complex 
Ag + CA". 



11 



Because of the amount of silver nitrate used, this complex ought to be present in amounts 
greater than 0.05 % by volume. 

The use of silver as a disinfectant has long been known and is part of general specialised 
knowledge. Therefore, in particular on the basis of the disclosed solubility of the silver 
citrate, the person skilled in the art will consider solutions of this type to be suitable for the 
production of disinfectants. 

For the reasons already described above under 3a), claims 1 to 30 of the disputed patent are 
therefore, insofar as they are not already anticipated in a manner prejudicial as to novelty, 
also made obvious by D3 or a combination of D3 and D4 in an analogous manner. 

4. To summarise, we maintain that none of the claims of European Patent No. 1 041 879 
meets the requirements for patentability. On the basis of the above arguments, the request 
made at the outset for complete revocation of European Patent No. 1 041 879 is therefore 
justified and grounded. 

Yours faithfully, 
Ciba Holding Inc. 

[Signed-] [Signed-] 

Dr. Manfred Upschulte Dr. Richard Schumacher 

European Patent Attorney European Patent Attorney 

Enclosures: 

Debit order for the Opposition fee 
Dl [ = US 4 915 955], in duplicate 

D2 [ = JP-A-07165510 (as Derwent Abstract No. 95-261 152/34], in duplicate 

D3 [ = Krishna C. Mathur and Arun K. Dey, "On the composition of silver citrate", Jour. 

Indian Chem. Soc. Vol. 84, No. 9, 1957, page 713], in duplicate 
D4 [ = US 4 755 268], in duplicate 
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D5 [ = Srivastava G. C. et al., "Development of ready to use antiseptic dressings", Labdev 

J. Sci. Tech., Vol. 8-B, No. 4, October 1970, pages 209 to 213], in duplicate 
D6 [ = WO 96/39837], in duplicate 

D7 [ = The Merck Index, Twelfth Edition, 1996, page 392], in duplicate 
Copy for the other party 



Documents Dl to D7 and copy for the other party only with letter of confirmation 
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Translation of letter from Ciba to the European Patent Office, dated 4 September 2008 

Dear Sirs, 

Debit order: Opposition fee 

Internal Opposition Number: HM/l-E 3348 

010 E The opposition fee of 670.00 Euros for the appended opposition against 

European Patent 1 041 879 in the name of PURE BIOSCIENCE 

is to be debited from our current account number 2811 0003 with the European Patent 
Organisation in Munich upon the receipt of this payment form. 

If the fee specified is incorrect, the European Patent Office is authorised to debit the correct 
amount. 

Yours faithfully, 
Ciba Holding Inc. 



[Signed--] 

Dr. Manfred Upschulte 
European Patent Attorney 



[Signed-] 

Dr. Richard Schumacher 
European Patent Attorney 



Marks&Clerk Li ^ 

Patent and Trade Mark Attorned 
Leicester Office 

144 New Walk, Leicester, LE1 7JA 

Tel: +44 (0)116 233 8181 Fax: +44(0)116 233 0192 

leicester@marks-clerk.com www.marks-clerk.com 



European Patent Office 

Erhardtstrasse 27 

Munich 

80469 

Germany 




Our Ref:AMB/MS269043EP/KAS 
Your Ref: 

Date: 1 July 2009 



Dear Sirs 

Opposition to EP 1041879 (Pure Bioscience) by Ciba Holding Inc., Switzerland 

Further to the communication dated 27 April 2009, if, pursuant to proceedings under Article 
101 EPC, the Opposition Division is not minded to uphold the patent, as granted, oral 
proceedings are hereby requested prior to the issuance of any decision that may adversely 
affect the applicant. 



Yours faithfully 

Alan Bhimani 

for MARKS & CLERK LLP 



Marks & Clerk LLP is a limited liability partnership and is registered in England and Wales with registered number OC343273. 
A list of members' names is open to inspection at our registered office, SO Long Acre, London WC2E 9RA. 

Marks & Clerk UK offices: Aberdeen Birmingham Cambridge Cheltenham Edinburgh Glasgow Leeds Leicester Liverpool London Manchester Oxford 
Marks & Clerk affiliated overseas firms have offices in the following locations: Luxembourg Paris Hong Kong Singapore Beijing Shanghai Ottawa 

3064 5909-1 -ksharpe 



Europatsches 
Paten tamt 

European 
Patent Office 

Office europeen 
des brevets 



European Patent Office 
80298 MUNICH 
GERMANY 

Tel. +49(0)89 2399-0 
Fax +49(0)89 2399-4465 



ll lllll llllllllll II 



Hallam, Arnold Vincent 
Marks & Clerk LLP 
144 New Walk 
Leicester 
LE1 7JA 

GRANDE BRETAGNE 





Formalities Officer 

Name: Moennich, Gabriele 
Tel.: 8034 

or call: 

+31 (0)70 340 45 00 



27-04-2009 



Reference 


Application No. /Patent No. ^sss^ 


DCS/APH/P01 396E 


98954966.2 - 2103 / 1041879 


Applicant/Proprietor 




Pure Bioscience 





Failure to respond to the communication pursuant to Rule 79(1) EPC dated 13.11.08 



Failure to reply to the communication mentioned above does not lead to termination of the opposition 
proceedings. 

In order to foreshorten the procedure and avoid unnecessary effort, we advise you of the following 
possibility if you are no longer interested in the maintenance of the above-mentioned patent. 

You have an opportunity before the European Patent Office to request that the patent be revoked 
or to state that you no longer approve the text in which the patent was granted. 

The result of the revocation decision is that the European patent is deemed not to have had, as from the 
outset, the effects specified in Articles 64 and 67 EPC (Art. 68 EPC). 

If, within the period indicated below, you do not request the revocation of the patent or state as above that 
you no longer approve the text in which the patent was granted and if the prerequisites for the procedure 
pursuant to Rule 84(1) EPC are not fulfilled within that period, it is likely that the opposition proceedings 
will be continued pursuant to Article 101 EPC. 

Any action on your part should be taken within two months of notification of this communication. 
For the Opposition Division 




Registered letter 

EPOForm2344A 12.07 22.04.09 
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Marks&Clerk 

Incorporating Lloyd Wise 
Patent and Trade Mark Attorneys 

Leicester office 

144 New Walk Leicester LE1 7JA England 

Tel: +44 (0)116 233 8181 Fax: +44 (0)116 233 0192 

leicester@marks-clerk.com www.marks-clerk.com 



Mr Kevin Hathcock 

Ballard Spahr Andrews & Ingersoll, LLP 
999 Peachtree Street, N.E. 
Suite 1000 
Atlanta 

Georgia 30309-3915 
United States of America 

BY EMAIL 

Our Ref: AMB/A16831/KAS 
Your Ref: 16200.0006EP1 




19 December, 2008 
Dear Mr Hathcock 

European Patent Application Number GB 1041879 

Title: Opposition to EP 1041879 (Pure Bioscience) by Ciba Holding Inc., Switzerland 
Proprietor(s): Pure Bioscience 

We have recently received the attached communication from the European Patent Office 
forwarding to us a letter from the opponent. We are pleased to inform you that the 
opposition to the above patent has been withdrawn in its entirety. As such, there is no need 
for us to file written observations in response to the documentation filed by the opponent. 

I should inform you that, pursuant to Rule 84 (2) EPC, the European Patent Office may 
continue opposition proceedings of its own motion when an opposition is withdrawn. 
However, this usually only occurs when either the proprietor has filed a set of amended 
claims, which in this case we have not, or where the European Patent Office anticipates that 
the patent is likely to be revoked in its entirety. As such, I would be surprised if, in this case, 
the European Patent Office were to pursue such a course of action. 

I recommend that you study the opposition and the prior art cited and determine in your own 
mind if there are any valid points raised about the validity of the application. If so you may 
wish to consider making an amendment to the claims of the granted patent as, in some 
countries within Europe, if an attempt were made to bring proceedings on a patent that is 
known not to be valid, it may prejudice any chance there may be of success. Such an 
amendment to the claims is possible as a central process within the European Patent Office 
and, even though the patent is now granted, need not be done independently in each State. 

If you are interested in pursuing such a course of action, please let me know and I can 
provide an estimate of the costs associated therewith. 

We will, of course, keep you up-dated with any future events relating to this issue and, if by 
chance the European Patent Office did wish to proceed with the opposition then we will 
receive a communication from them stating their intention to do so. 
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A list of Marks & Clerk Patent and Trade Mark Attorneys partners is available for inspection at 90 Long Acre, London WC2E 9RA. 

Marks & Clerk UK offices: Aberdeen Birmingham Cambridge Cheltenham Edinburgh Glasgow Leeds Leicester Liverpool London Manchester Oxford 

Marks & Clerk affiliated overseas firms have offices in the following locations: Luxembourg Paris Hong Kong Singapore Beijing Shanghai Ottawa 



In the meantime, please find enclosed herewith an invoice for our services to-date for this 
matter. 

Yours sincerely 




Alan Bhimani 
Marks & Clerk 

E-mail: abhimani@marks-clerk.com 
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Euro pais ches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 




European Patent Office 
80298 MUNICH 
GERMANY 

Tel. +49(0)89 2399-0 
Fax +49 (0)89 2399 - 4465 



Chappie, Colin Richard 
Marks & Clerk 
144 New Walk 
Leicester LE1 7JA 
GRANDE BRETAGNE 



RECEIVED 
1 2 SEP 2008 

MARKS & CLERK 
LEICESTER 



Formalities Officer 

Name: Moennioh, Gabriele 
Tel.: 8034 

or call: 

+31 (0)70 340 45 00 



Date 



10-09-2008 



Reference 


Application Nonpatent No. 


DCS/APH/P01 396E 


98954966.2 -2103/1041879 


Applicant/Proprietor 




Pure Bioscience 





Communication of a notice of opposition 

Enclosed herewith is a copy of a notice of opposition to the European patent specified above. 

An invitation to file observations and to file amendments, where appropriate, to the description, claims and 
drawings (R. 79(1) EPC) will be issued separately. 

The period within which such observations may be filed will not be fixed until the following conditions are 
met: 

(a) the opposition period has expired; 

(b) the notice of opposition has been examined for certain formal requirements (R. 77 EPC). 

Enclosure: Notice of opposition Ol: Ciba Holding Inc. (fax) 
For the Opposition Division 
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Europaisches Patentamt 
Bayerstrasse 34 
D-80335 Munchen 
Germany 



TELEFAX 

FaxNo: +4989 2399 4465 
Pages: 1 1 



4. September 2008 



Einspruch gegen das Europaische Patent Nr. 1 041 879 
Anmeldenummer: 98954966.2 
Eigentumer: Pure Bioscience 

El Cajon, CA 92020 (US) 

Unser Zeichen: HM/1-E 3348 



Gegen das Europaische Patent Nr. 1 041 879 der Firma PURE BIOSCIENCE mit 
dem Titel ^Disinfectant and method of making'' wird 

EINSPRUCH tfcvSSB 

gernass Art. 99 EPUe erhoben und 

1 . beantragt, es aufgrund von Art. 100 a) und 100 b) EPUe in vollem Umfang zu 
widerrufen, da sein Gegenstand nicht neu ist und nicht auf einer erfinderischen 
Tatigkeit beruht (Art. 52(1), Art. 54 (1) bis (3), Art. 56 EPUe); und die Erfindung 
nicht so deutlich und vollstandig offenbart ist, dass ein Fachmann sie ausfuhren 
kann (Art. 83 EPUe), und 

2. fur den Fall, dass das Patent nicht berfcits im schriftlichen Verfahren in vollem 
Umfang widerrufen wird, hilfsweise beantragt, eine mundliche Verhandlung (Art. 
116 EPUe) anzuberaumen. 



Tel: ++41 61 63627 53 
Fax: ++41 61 63679 76 
Klybeckstrasse 141 
CH-4057 Basel 



05-09-2008 



Printed: 08-09-2008 



NEWOPPO 



EP 98 954 966 



Die Einspruchsgebuhr ist von unserem laufenden Konto Nr. 2811 0003 bei der 
Europaischen Patentorganisation abzubuchen. Ein entsprechender 
Abbuchungsauftrag liegt bei. 

Zur Substantiierung des Einspruchs wird folgendes Beweismaterial herangezogen: 
D1 US 4 915 955 

D2 JP-A-071 6551 0 (als Derwent Abstract Nr. 95-261 1 52/34; eine Ubersetzung 

der JP-A-071 6551 0 wird nachgereicht) 
D3 Krishna C Mathur and Arun K. Dey, "On the composition of silver citrate", 

Jour. Indian Chem. Soc. Vol. 84, No. 9, 1 957, Seite 71 3 
D4 US 4 755 268 

D5 Srivastava G.C. et al., "Development of ready to use antiseptic dressings", 

Labdev j. Sci. Tech., Vol. 8-B, No. 4, October 1970, Seiten 209 bis 21 3 
D6 WO 96/39837 

D7 The Merck Index, Twelfth Edition/1996, Seite 392 



1. Mangelnde Offenbarung Artikel 83 EPUe (Artikel 100(b) EPUe) 

Hinsichtlich der in den Anspruchen 7, 10, 18 und 30 angegebenen 
Mengenangabe des Silbercitrats in Volumenprozent bleibt es fur den Fachmann 
unklar, welche Mengen zu verwenden sind. So handelt es sich im Falle des 
Silbercitrats um eine bei Raumtemperatur in fester Form vorliegende Substanz, die % 
in der wassrigen Formulierung gelost vorliegt. Es besteht daher die Frage, wie die 
Mengenangabe in Volumenprozent zu verstehen ist. Diese Mengenangabe 
konnte u.U. so interpretiert werden, dass es sich z.B. um ein Volumen handelt, 
welches sich aus der Dichte des Silbercitrats errechnet, oder auch um die 
Volumenzunahme der entsprechenden Losung, welche durch die Gegenwart von 
Silbercitrat hervorgerufen wird. 

Dies gilt in analoger Weise fur die Anspruche 8, 9, 1 4, 1 5 und 1 9, worin eine 
Mengenangabe in Volumenprozent, in diesen Fallen jedoch nur fur Silber, erfolgt. 

Hinsichtlich der Mengenangaben fur die Citronensaure wird angenommen, dass 
es sich hierbei durchgehend um Volumenprozent handeln soli. Es bestehen daher 
gleichermassen Unklarheiten, da auch Citronensaure eine bei Raumtemperatur in 
fester Form vorliegende Substanz ist. 



2. Neuheit Artikel 54 EPU (Artikel 100(a) EPU) 

Der unabhangige Anspruch 1 des Streitpatents ist auf ein wassriges 
Desinfektionsmittel gerichtet, umfassend 
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eine wassrige Silbercitrat-Losung, wobei die Silberionen elektrolytisch in einer 
Losung aus Citronensaure und Wasser erzeugt werden, um eine Losung zu bilden, 
die 

1 bis 10% Citronensaure und 

einen Komplex der Formel Ag + CA umfasst, wobei 

CA" das Citronensaureanion ist. 

Die abhangigen Anspruche 2 bis 5 betreffen Spezifizierungen bezuglich der vom 
Silber mit der Citronensaure gebildeten Metallkomplexe. 

Die abhangigen Anspruche 6 bis 9 betreffen im Wesentlichen bevorzugte 
Konzentrationen fur die Citronensaure und/oder das elektrolytisch erzeugte Silber 
bzw. das mit diesem gebildete Silbercitrat. Die Anspruche 8 und 9 sind zudem auf 
konzentrierte Formen des Desinfektionsmittels mit einer verlangerten 
Lagerstabilitat gerichtet. 

Der unabhangige Anspruch 1 0 des Streitpatents ist auf ein wassriges 
Desinfektionsmittel gerichtet, umfassend 

eine wassrige Silbercitrat-Losung in einer Losung aus Citronensaure und Wasser, 
wobei 

die Silbercitrat-Konzentration mehr als 0,05 VoL-% betragt, umfassend 

1 bis 10% Citronensaure und 

einen Komplex der Formel Ag + CA*, wobei 

CA das Citronensaureanion ist. 

Der unabhangige Anspruch 1 1 des Streitpatents ist auf ein wassriges 

Desinfektionsmittel wie in Anspruch 10 definiert gerichtet, wobei 

die wassrige Silbercitrat-Losung aus elektrolytisch erzeugtem Silber in einer 

Losung aus Citronensaure und Wasser gebildet ist, und 

das Desinfektionsmittel ferner etwa 20 Vol.-% Alkohol umfasst. 

Cemass dem abhangigen Anspruch 1 2 handelt es sich bei dem Alkohol um 
Ethylalkohol. 

Die abhangigen Anspriiche 1 3 bis 15 betreffen im Wesentlichen bevorzugte 
Konzentrationen fur die Citronensaure und/oder das elektrolytisch erzeugte Silber. 

Der unabhangige Anspruch 1 6 des Streitpatents ist auf ein wassriges 
Desinfektionsmittel gerichtet, umfassend 

eine wassrige Silbercitrat-Losung, wobei die Silberionen elektrolytisch in einer 
Losung aus Citronensaure und Wasser erzeugt werden, zur Bildung einer Losung 
umfassend 

1 bis 1 0% Citronensaure und 

einen Komplex der Formel Ag + CA, wobei 

CA" das Citronensaureanion ist, 

etwa 20 Vol.-% Ethylalkohol, und 

etwa 0,01 Vol.-% bis 0,1 VoL-% anionisches Detergens. 
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Die abhangigen Anspriiche 1 7 bis 1 9 betreffen im Wesentlichen bevorzugte 
Konzentrationen fur die Citronensaure und/oder das elektrolytisch erzeugte Silber 
bzw. das mit diesem gebildete Silbercitrat. Im abhangigen Anspruch 20 ist das 
Detergens als Natriumdodecylsulfat spezifiziert. 

Der unabhangige Anspruch 21 des Streitpatents ist auf ein Verfahren zur 
Herstellung eines Desinfektionsmittel gerichtet, worin 

Silber elektrolytisch in einer Losung aus Citronensaure und Wasser erzeugt wird 

zur Bildung einer wassrigen Silbercitrat-Losung umfassend 

1 bis 10% Citronensaure und 

einen Komplex der Formel Ag + CA, wobei 

CA* das Citronensaureanion ist. 

Die abhangigen Anspriiche 22 bis 29 betreffen bevorzugte Ausfuhrungsformen 
dieses Verfahrens. 

Der unabhangige Anspruch 30 des Streitpatents ist auf eine wassrige Silbercitrat- 
Losung gerichtet, umfassend 

eine wassrige Silbercitrat-Losung in einer Losung aus Citronensaure und Wasser 
umfassend 

1 bis 1 0% Citronensaure und 

einen Komplex der Formel Ag + CA wobei CA" das Citronensaureanion ist, und 
wobei 

die Silbercitratkonzentration 0,05 VoL-% ubersteigt. 

Im Wesentlichen sollen die beanspruchten Zusammensetzungen bzw. die gernass 
den beanspruchten Verfahren erhaltenen Zusammensetzungen als 
Desinfektionsmittel eingesetzt werden, welche u.a. eine verbesserte Lagerstabilitat 
aufweisen. 

In der folgenden Diskussion des Standes der Technik wird in den die 
Zusammensetzungen betreffenden Anspruchen, soweit dort angegeben, das 
Merkmal, dass die Silberionen elektrolytisch in einer Losung aus Citronensaure 
und Wasser erzeugt werden, nicht als Unterscheidungsmerkmal zum Stand der 
Technik betrachtet. Es ist nicht erkennbar, wie sich auf diese Weise erhaltene 
Zusammensetzungen von solchen unterscheiden, die auf andere Art erhalten 
werden, wie z.B. durch Reaktion eines Silbersalzes mit Citronensaure unter 
Bildung von Komplexen der Formel AgXA". 

In Spalte 1 2, Zeilen 32 bis 42 des Streitpatents wird auf eine erhohte Loslichkeit 
gegenuber anderen Silbercitraten verwiesen. Die dort aus dem Merck Index, 1 1 . 
Ausgabe (1 989), Seite 1 348 zitierte Loslichkeit betrifft jedoch Verbindungen der 
Formel C 6 H 5 Ag 3 0 7 , und nicht solche der Formel Ag + CA . Dieser Vergleich kann 
daher keinerlei Hinweise darauf geben, ob sich die auf elektrolytischem Wege 
erhaltenen Verbindungen der Formel Ag + CA' hinsichtlich der Loslichkeit von auf 
anderen Wegen erhaltenen Verbindungen der Formel Ag + CA unterscheiden. 
Der Vollstandigkeit halber sei erwahnt, dass Silbercitrate mit einer gegenuber den 
Verbindungen der Formel C 6 H 5 Ag 3 0 7 besseren Loslichkeit bereits 1957 in der D3 
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(siehe hierzu die folgenden Ausfuhrungen zur D3), sowie auch 1970 in der D5 
offenbart sind. So ist in der rechten Spalte auf Seite 209 der D5 eine wassrige 
Losung enthaltend 0,5% Silbercitrat beschrieben; diese Losiichkeit liegt oberhalb 
der im Merck Index fur die Verbindung der Formel C 6 H 5 Ag 3 0 7 angegebenen 
Losiichkeit. 

Entsprechende Zusammensetzungen gemass Streitpatent sind bereits aus der Dl, 
D2 und D3 bekannt. 

a) D1 offenbart in Beispiel 1, Spalte 4, Zeile 62 bis Spalte 5, Zeile 21 die 
Herstellung einer Losung, welche 
1 Liter Wasser, 

1 00 g 75 %-ige wassrige Phosphorsaure, 

140 g Silbernitrat, 

50 g Citronensaure, und 

20 g Gelatine 

enthalt. Die erhaltene Losung hat einen pH-Wert von kleiner oder gleich 1 .6. 

Gemass der D1 weisen die dort beschriebenen Konzentrate eine unbegrenzte 
Lagerstabilitat auf (siehe z.B. die Zusarnmenfassung auf Seite 1 der Dl) und 
werden fur Desinfektionsmittel verwendet. 

Die in Beispiel 1 eingesetzte Menge von 50 g Citronensaure entspricht einer 
Menge von ca. 3,8 Gew.-%, bezogen auf das Gesamtgewicht der Losung. 
Ferner entsprechen die in dem Beispiel eingesetzten 50 g der Citronensaure 30 
cm 3 (bei einer Dichte der Citronensaure von 1 ,665 g/cm 3 )- 
Es ist daher anzunehmen, dass die Citronensaure in einer Menge oberhalb von 1 
VoL-%, bezogen auf das Gesamtvolumen der Losung, vorliegt. 

Hinsichtlich der Gegenwart von Komplexen der Formel Ag + CA* ist anzumerken, 
dass diese schon bereits aufgrund der in wassriger Losung stattfindenden 
Dissoziation der Citronensaure, sowie aufgrund der Gegenwart des 
Silbernitratsalzes / vorliegen. 

Im Falle der Citronensaure handelt es sich um eine mehrprotonige Saure. Bei 
geringen pH-Werten, wie dem in dem Beispiel der Dl von kleiner oder gleich 1,6, 
wird die weitere Deprotonierung eines Restes CA" umso geringer sein, so dass der 
Rest CA in hoheren Konzentrationen erhalten bleibt (siehe auch die pK-Werte fur 
die einzelnen Dissoziationsstufen der Citronensaure: pK 3 = 3,128, pK 2 = 4,761, 
pK 3 .= 6,396 gemass der D7). Es ist daher anzunehmen, dass im Beispiel 1 der Dl 
der Rest CA" und aufgrund des eingebrachten Silbernitrats auch der Komplex der 
Formel Ag + CA" in grosserer Konzentration vorliegt. 

Im Falle der abhangigen Anspruche 2 bis 5 ist anzumerken, dass die Bildung der 
dort genannten Komplexe mit der Herstellung entsprechender Losungen inharent 
verbunden ist. 
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Die Gegenstande der Anspruche 1 bis 5, 8, 10 und 30 des Streitpatents sind 
daher durch die D1 neuheitsschadiich getroffen. 

b) D2 offenbart im Beispiel des Derwent Abstracts die Herstellung einer Losung, 
welche 

10 g Chitosan, 

1000 ml Wasser, 

10 g Citronensaure, und 

500 mg Silbernitrat 

enthalt. 

Fur die Citronensaure ist angegeben, dass diese bevorzugt in einer Konzentration 
von 0,1 bis 1 0% verwendet wird. 

Es wird angegeben, dass es sich hierbei urn Desinfektionsmittel handelt und diese 
eine gute Lagerstabilitat aufweisen. 

Im Falle der Verwendung von 10% Citronensaure, wie in der Beschreibung 
vorgeschlagen, ergibt sich im Beispiel der D2 eine Menge von 10 Vol.-% oder 10 
Gew.-% Citronensaure (da die Prozentangabe in der D2 nicht naher spezifiziert 
ist). Selbst unter der Annahme, dass es sich hierbei um eine Angabe in Gew.-% 
handelt, ergibt sich unter Berucksichtigung der Dichte der Citronensaure eine 
Menge oberhalb von 5 Vol.-%. 

Hinsichtlich der Gegenwart von Komplexen der Formel Ag + CA wird auf die oben 
im Rahmen der Besprechung der D1 erfoigten Ausfuhrungen verwiesen. Diese 
Komplexe sollten daher auch im Beispiel der D2 vorliegen. 

Die Gegenstande der Anspruche 1 bis 7 und 30 des Streitpatents sind daher 
durch die D2 neuheitsschadiich getroffen. 

c) D3 beschreibt im vierten Absatz die Herstellung einer Mischung aus gleichen 
Volumen einer 0,125 molaren wassrigen Silbernitratlosung und einer 1 molaren 
wassrigen Citronensaurelosung. 

Hieraus ergibt sich ein Gehalt an Citronensaure von ca. 9,6 Gew.-%. Unter 
Berucksichtigung der Dichte der Citronensaure ergibt sich eine Menge oberhalb 
von 5 Vol.-%. 

Ferner wird beschrieben, dass bei Zugabe von Natrium-, Kalium- oder 
Ammoniumhydroxid zu der Mischung Ag 3 Citrat ausfallt. In diesem 
Zusammenhang wird beschrieben, dass ein losliches Argentocitrat instabil in der 
Gegenwart von Alkali ist und bei Zugabe von Hydroxylionen als Silbercitrat 
(Ag 3 Citrat) ausfallt. 

Es ist daher in der angegebenen Mischung ein losliches Argentocitrat enthalten, 
welches im alkalischen Bereich als Ag 3 Citrat ausfallt. Aufgrund der Loslichkeit im 
eher unteren pH-Bereich sollte es sich im Falle des Argentocitrats um den 
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Komplex Ag + CA* handeln (siehe hierzu auch die obigen Ausfuhrungen zur Dl, 
welche die Bildung des Komplexes Ag + CA" bei niedrigen pH-Werten betreffen). 

Zudem sei noch erwahnt, dass im ersten Absatz der D3 beschrieben wird, dass 
Silbercitrat in einem Uberschuss von Citronensaure gelost werden kann. 

Aufgrund der Menge des eingesetzten Silbernitrats und der obigen Ausfuhrungen 
sollte dieser Komplex in Mengen oberhalb von 0,05 VoL-% vorliegen. 

Die Verwendung von Silber als Desinfektionsmittel ist seit langem bekannt und 
Teil des allgemeinen Fachwissens. 

Die Gegenstande der Anspriiche 1 bis 10 und 30 des Streitpatents sind daher 
durch die D3 neuheitsschadlich getroffen. 

3. Erfinderische Tatigkeit Artikel 56 EPU (Artikel 100(a) EPU) 

a) D1 bzw. Kombination der D1 mit der D4 

Die Dl betrifft wassrige, lagerstabile, klare Konzentrate, welche 

eine anorganische Saure zur Einstellung eines pH-Wertes von kleiner oder gleich 

1,6, 

ein Silbersalz oder einen Silbersalzkomplex, sowie 
eine organische Saure als Stabilisierungsmittel 
enthalten (siehe z.B. Anspruch 1 der Dl). 

Gemass Spalte 2, Zeilen 63 und 64 der Dl sind Weinsaure und/oder 
Citronensaure als Stabilisierungsmittel bevorzugt. Die stabilisierende Wirkung von 
Citronensaure ist auch aus der D6 bekannt ist (siehe D6, Seite 1, Zeilen 16 bis 20). 

Die obigen Konzentrate konnen mit Wasserstoffperoxid gemischt werden, woraus 
eine Synergie aus beiden Desinfektionsmitteln (d.h. dem Silbersalz enthaltenden 
Konzentrat und dem Wasserstoffperoxid) resultiert (siehe Spalte 1, Zeile 65 bis 
Spalte 2, Zeile 4 der Dl). 

Das Beispiel 1 der Dl beschreibt bereits Losungen gemass Streitpatent. 

Die Anspriiche 6, 7, 9 und 1 1 bis 20 spezifizieren lediglich zusatzlich die Menge 
der Citronensaure und/oder des Silbercitrats bzw. Silbers, oder betreffen die 
zusatzliche Gegenwart von ca. 20% eines Alkohols (insbesondere Ethanol) sowie 
ca. 0,01 bis 0,1% eines anionischen Dertergens (insbesondere 
Natriumdodecylsulfat). 

Die Variation der Mengen der genannten Komponenten wird von dem Fachmann 
bereits routinemassig ausgefiihrt; im Falle des Alkohols und des anionischen 
Detergens handelt es sich um ubliche Zusatze, so dass diese Ausfuhrungsformen 
nicht geeignet sind, um das Vorliegen einer erfinderischen Tatigkeit zu 
begrunden. 
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Ferner sei erwahnt, dass elektrolytische Verfahren zur Herstellung von Silber 
enthaitenden Desinfektionsmitteln seit langem bekannt sind (siehe hierzu die D4). 

So wird in der D4 ein herkommlich benutztes Verfahren zur Erzeugung von 
Silberionen enthaltendem Wasser beschrieben, gemass welchem die Silberionen 
durch Anlegen einer Spannung zwischen einer mit Silber ausgeriisteten Anode 
und einer Kathode erzeugt werden (siehe Spalte 1, Zeilen 46 bis 52 der D4). Auch 
das gemass der D4 beanspruchte Verfahren macht von dieser Vorgehensweise 
Gebrauch (siehe die Zusammenfassung auf der Titelseite der D4). 

Es handelt sich im Falle der elektrolytischen Erzeugung von Silberionen daher um 
ein ubliches Verfahren* welches der Fachmann auch fur die Herstellung von 
Konzentraten, wie sie in der D1 beschrieben sind, als geeignet betrachten wird. 

So unterscheidet sich das Verfahren gemass Anspruch 21 des Streitpatents von 
dem in Beispiel 1 der Dl offenbarten Verfahren lediglich hinsichtlich der 
elektrolytischen Erzeugung der Silberionen in der Losung von Citronensaure und 
Wasser. Diese Vorgehensweise ist durch die Kombination der Dl mit der D4 
nahegelegt, 

Im Falle der Verfahrensanspruche 22 bis 25 ist anzumerken, dass die Bildung der 
dort genannten Komplexe mit der Herstellung entsprechender Losungen inharent 
verbunden ist. 

Die Verfahrensanspruche 26 bis 29 betreffen ubliche Ausfuhrungsformen des 
elektrolytischen Verfahrens. 

Die Anspriiche 1 bis 30 des Streitpatents sind daher, insoweit sie nicht bereits 
neuheitsschadlich vorweggenommen sind, durch die Dl oder die Kombination 
der Dl mit der D4 nahegelegt. 

b) D2 bzw. Kombination der D2 mit der D4 

Die D2 betrifft wassrige Desinfektionsmittel, welche 

anorganische und/oder organische Sauren, 

Silberverbindungen (vorzugsweise Silbernitrat) und 

Chitosan 

enthalten. 

Als organische Sauren sind Citronensaure oder Essigsaure in einer Konzentration 
von 0,1 bis 10% bevorzugt. 

Ferner wird beschrieben, dass diese Losungen eine gute Lagerstabilitat aufweisen 
(z.B. zwei Jahre bei Raumtemperatur). 

Das Beispiel der D2 beschreibt bereits Losungen gemass Streitpatent. 
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Aus den bereits oben unter 3a) beschriebenen Griinden sind die Anspruche 1 bis 
30 des Streitpatents daher auch in analoger Weise, insoweit sie nicht bereits 
neuheitsschadlich vorweggenommen sind, durch die D2 oder die Kombination 
der D2 mit der D4 nahegelegt 

c) D3 bzw. Kombination der D3 mit der D4 

Die D3 beschreibt im vierten Absatz die Herstellung einer Mischung aus gleichen 
Volumen einer 0,125 molaren wassrigen Silbernitratlosung und einer 1 molaren 
wassrigen Citronensaurelosung. 

Unter Berucksichtigung der Dichte der Citronensaure ergibt sich fur diese eine 
Menge oberhalb von 5 VoL-%. 

Zudem wird ein losliches Argentocitrat beschrieben, wobei es sich aufgrund der 
Loslichkeit um den Komplex Ag + CA' handeln sollte. 

Aufgrund der Menge des eingesetzten Silbernitrats sollte dieser Komplex in 
Mengen oberhalb von 0,05 VoL-% vorhanden sein. 

Die Verwendung von Silber als Desinfektionsmittel ist seit langem bekannt und 
Teil des allgemeinen Fachwissens. Der Fachmann wird daher, insbesondere 
aufgrund der beschriebenen Loslichkeit des Argentocitrats, solche Losungen als 
geeignet fur die Herstellung von Desinfektionsmitteln betrachten. 

Aus den bereits oben unter 3a) beschriebenen Griinden sind die Anspruche 1 bis 
30 des Streitpatents daher auch in analoger Weise, insoweit sie nicht bereits 
neuheitsschadlich vorweggenommen sind, durch die D3 oder die Kombination 
der D3 mit der D4 nahegelegt. 

4. Zusammenfassend wird festgehalten, dass keiner der Patentanspruche des 
Europaischen Patents Nr. 1 041 879 die Vorraussetzungen fur die Patentfahigkeit 
erfullt. Aufgrund der vorstehenden Ausfuhrungen ist daher der eingangs gestellte 
Antrag auf vollstandigen Widerruf des Europaischen Patents Nr. 1 041 879 
gerechtfertigt und begrundet. 

Mit freundlichen Griissen 
Ciba Holding Inc. 



Beilagen: 

Abbuchungsauftrag fur die Einspruchsgebuhr 
D1 T = US 4 91 5 9551. zweifach 

D2 [ = JP-A-071 6551 0 (als Derwent Abstract Nr. 95-261 1 52/34)], zweifach 




Page 9 of 1 0 




05-09-2008 



Printed: OS-09-2008 NEWOPPO EP 98 954 966 

D3 [ = Krishna C. Mathur and Arun K. Dey, "On the composition of silver 

citrate", Jour. Indian Chem. Soc. Vol. 84, No. 9, 1 957, Seite 71 3], zweifach 
D4 [ = US 4 755 268], zweifach 

D5 [ = Srivastava G.C. et al., "Development of ready to use antiseptic 

dressings", Labdev ). Sci. Tech., Vol. 8-B, No. 4, October 1970, Seiten 209 
. bis 21 3], zweifach 
D6 f = WO 96/398371. zweifach 

D7 [ = The Merck Index, Twelfth Edition, 1 996, Seite 392], zweifach 
Parteienexemplar 



Dokumente D1 bis D7 und Parteienexemplar nur mit Bestatigungsschreiben 



Page 1 0 of 1 0 



-09-2008 



ODOCP 



EP 98 954 966 



United States Patent m 

Gomori 



[54] PROCESS FOR PREPARING A 
DISINFECTANT 

[75] Inventor: Janos Gomori, Stafa, Switzerland 

[73] Assignee: Sanosil AG., Feldmeilen, 
Switzerland 

[21] AppLNo.: 904,055 

[22] Filed: Sep. 5, 1986 

[30] Foreign Application Priority Data 

Apr. 22, 1986 [CHJ Switzerland 1629/86 

[51] Int CL* A01N 39/00; AOIN 59/16 

[52] U.S.CL 424/616; 424/618 

[58] Field of Search 424/132, 128, 130, 616, 

424/618; 514/495 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,422,183 1/1969 Ellison 424/132 

4,595,591 6/1986 Mardi et al 424/132 

FOREIGN PATENT DOCUMENTS 

2302277 2/1976 Netherlands . 

OTHER PUBLICATIONS 

Abstract-— English-Language Equivalent of DE 
2302277, "Stable High Solids Silver Soln. Prepn.— for 



[ii] Patent Number: 4,915,955 
[45] Date of Patent: Apr, 10, 1990 

Use E.G. in Preventing Algae Growth in Swimming 
Pools, by Redn. of Silver Salts in Presence of Polyalde- 
hyde Acids/Salts". 

Degussa pamphlet entitled "POC," pp. 1-25. 
SANOSIL® Product Brochure, Sanosil, Ltd., 
CH-8705 Feldmeilen, Switzerland, pp. 1-17. 

Primary Examiner — Douglas W. Robinson 
Assistant Examiner — Kevin E. Weddington 
Attorney, Agent; or Firm— -Webb, Burden, Ziesenheim & 
Webb 

[57] ABSTRACT 

A concentrate with an unlimited shelf-life, which can be 
mixed with hydrogen peroxide at a ratio of 1:99 to 1:199 
to become an effective disinfectant, is obtained when a 
viscous solution of inorganic acid, with a pH less than 
or equal to 1.6, is mixed with a silver salt compound or 
a colloidal silver compound at 50° to 60° C. The mixture 
is further combined at room temperature with other 
inorganic acid(s) to reach a total of 100 g inorganic 
acid(s) per liter of water; at room temperature, an or- 
ganic acid stabilizer is added and the mixture is homoge- 
nized. The concentrate, during storage, remains homo- 
geneous and crystal-clear. 

12 Claims, No Drawings 
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PROCESS FOR PREPARING A DISINFECTANT 

FIELD OF THE INVENTION 

The present invention relates to a process for the 
manufacture of a concentrate which can be mixed with 
hydrogen peroxide to form a disinfectant. 

INTRODUCTION 

Disinfection, especially of water, foodstuffs and ani- 
mal feeds as well as equipment, packages, containers 
and objects of all kinds, is a worldwide problem of 
importance in highly civilized nations and underdevel- 
oped countries alike. It is therefore not surprising that 
intensive research has been ongoing in this area for 
decades, and that new products and methods for the 
non-therapeutic battle against infectious agents are con- 
stantly being developed. 

Of the numerous known prior art disinfection meth- 
ods, the following are exemplary. 

The addition of halogens such as chlorine, bromine 
and iodine, or of halogen-releasing compositions, is 
popular due to the ease of manufacture, low price, and 
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As a result of the present invention, it is now possible 
to make products of this last type, having substantially 
improved quality and utility, by means of a new pro- 
cess. 

It is an object of the present invention to provide a 
method for manufacturing a clear, stable concentrate 
which can be mixed with hydrogen peroxide to form a 
disinfectant, and which contains silver, an inorganic 
acid and an organic stabilizer. 

It is a further object of the present invention to pro- 
vide a concentrate of that type as well as a process for 
the manufacture of a disinfectant from such a concen- 
trate. 

SUMMARY OF THE INVENTION 

The present invention is a stable concentrate, and a 
method of preparing it and using it, which contains a 
silver compound, an inorganic acid and an organic sta- 
bilizer. The concentrate is designed to be admixed with 
hydrogen peroxide to form a disinfectant. 

Suitable silver compounds include silver nitrate (Ag- 
NO3), silver sulfate (Ag2S0 4 ), silver chloride (AgCl), 
and the sodium/silver chloride complex having the 
formula AgNaCh- Additional suitable silver corn- 



ready availability of the constituent chemicals, as well 25 pounds m silver benzoate (C&Hs— C02Ag), silver ear- 



as for its reliable germicidal action. Disadvantages in- 
clude the initial taste and odor of the halogen, the 
change in taste of the compositions mixed with it, the 
overall basic pH, the relatively short duration of the 
germicidal activity, and the concomitant temperature 
sensitivity of the resultant combinations. In addition, 
these substances are carcinogenic and mutagenic, cause 
skin irritations, and are corrosive to a variety of materi- 
als. 



bonate (Ag2C03>, silver flouride (AgF), silver [I] oxide 
(Ag 2 0) and silver pI]oxide (AgO). One or more silver 
compound(s) is/are added in such amounts that the 
concentrate contains 100 g±5% silver per liter of con- 
30 centrate. 

Colloidal silver compounds may also be used, in one- 
tenth of the concentration of grams Ag per liter of 
concentrate as described above. A suitable colloidal 
silver compound, available from Degussa AG, Zurich, 



Ozone and chlorine dioxide combine to form an espe- 35 contains 12 g per liter of silver in an aqueous solution of 
cially quick and effective disinfectant, but the resultant 5% fey weight poiyhydroxyl monocarboxylic acid, 
combination remains effective for only a short time. Tartaric acid and/or citric acid are suitable stabilizers 
These combined agents can also be very dangerous in fp r use in combination with the silver compound(s). 
large doses. Furthermore, they display temperature These acids should be added in the amount of approxi- 
sensitivity, tend to be carcinogenic and mutagenic, and 40 rnately 50 g of one and/or the other per liter of concen- 
require both careful handling and expensive auxiliary 
equipment. They are therefore suitable only for a very 
narrow area of application. 

Copper salts, especially copper sulfate and copper 
chloride, are recommended as disinfectants that are 45 
odorless and which do not irritate mucous membranes, 
etc. These combinations, which produce only an aver- 
age, briefly-sustained disinfecting rate and are known to 
be carcinogenic and mutagenic, especially the chloride 
salts, do combine readily with other substances. 

Processes which are common, odorless, and have no 
adverse effects on health are the so-called Catadyne 
method and similar methods utilizing the germicidal 
effect of silver ions. This process is slow-working and 
has limited application due to its high cost 

Ultraviolet radiation, which does not introduce for- 
eign matter into the substance to be disinfected, is a 
reliable source of germicide activity. The generation of 
ultraviolet radiation, however, requires both expensive 



trate. 

Additional suitable organic acid stabilizers, to be used 
in stoichiometric amounts equivalent to amounts speci- 
fied for incorporation of the tartaric and/or citric acids, 
include acetamidoacrylic acid (H2C=C(NHCOCH3_ 
)C02H), acetamidohexanic acid (CH3CONH(CH2> 
5CO2H), acetylbutyric acid (CH3CO(CH 2 )3CQ2H), 
acrylic acid (H2C=CHC02H), adipic . acid 
(H02C(CH2)4C02H), maleic acid (H0 2 CCH2CH(0H> 
50 CO2H), ethoxyacetic acid ^HsOOfcCCfcH), formic 
acid (HC0 2 H), succinic acid (HO2CCH2CH2CO2H), 
butyric acid (CH3CH2CH2CO2H), hexanoic acid 
(CH3(CH2>4C02H), hippuric acid (QjHsCONHCH- 
2CO2H), malonic acid (HO2CCH2CO2H), methanesul- 
fonic acid (CH3SO3H), lactic acid (CH 3 CH(OH> 
CXhH), caprylic acid (CH3(CH 2 >6C0 2 H), oleic acid 
CH 3 (CH 2 )7. CH=CH(CH 2 )7C02H, oxalic acid 
(HO2CCO2H), salicylic acid (HOC6H4CO2H), and va- 
leric acid CH3(CH2>3C02H. Although each of the 



55 



equipment and the substantial costs commensurate with 60 above organic acids is suitable for use with either the 



large -electricity requirements. 

Other commercially available products rely heavily 
on the powerful germicidal activity of hydrogen perox- 
ide, but such compositions have limited utility due to 
their instability. These compositions include those 65 
which combine the well-known germicidal effects of 
silver with hydrogen peroxide, in the form of a stable 
agent, to cause a synergy of the two drsinfecting agents. 



silver salt or the colloidal silver preparation, they are 
especially well suited for use with the various silver 
salts. Most preferred for use with the silver salt com- 
pounds are, however, the tartaric and/or citric acids. 

Although each of the organic acid stabilizers listed 
above is suitable for use in combination with colloidal 
silver, the following are preferred for use, in amounts of 
approximately 100 g per liter of concentrate: acetonedi- 
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carboxylic acid (HO2CCH2COCH2CO2H), acetox- No renewed homogenizing of the concentrate before 

ybenzoic acid (CH3CO2G6H4CO2H), ethoxybenzoic mixing it with hydrogen peroxide is necessary, due to 

acid (C2H5OC6H4CO2H), . ethylbenzoic acid the stable homogeneity of the concentrate. 

(C2H5C6H4CO2H), aminobenzoic acid Disinfectants of this type, mixed with hydrogen per- 

(H2NC6H4CO2H), benzoic acid (C6H3CO2H), bromo- 5 oxide and ready to use, can then be bottled in customary 

benzoic acid (B1C6H4CO2H), bromosalicylic acid transport and marketing containers, which should be 

(BrC6H3-2-(OH>C02H), fluorosulfonyl-beiizoic acid equipped with a safety device to reduce any excessive 

(FSO2C6H4CO2H), hydroxybenzoic acid (HOC*H- gas pressure, for example a pressure relief valve. The 

4CO2H), and phthalic acid (C$H*-1,2-(C02H)2). Al- chemical agents can last in such containers at a tempera- 
though they are preferred for use with colloidal silver, 10 ture between 4 and 25° C. for about 2 years without any 

with the various benzoic acid stabilizers being most danger. At higher temperatures, a longer period of 

preferred, these organic acid stabilizers may also be storage is not recommended, since hydrogen peroxide 

used with the silver salts identified above. tends to release gas. 

An inorganic acid is used to reduce the pH of the The disinfectants invented are suitable for sterilizing 

silver- and stabilizer-containing composition. In gen- 13 water, foodstuffs and animal feeds, stationary surfaces, 

eral, 75% aqueous phosphoric acid, 65% aqueous nitric etc. The concentrate is added in very small amounts, in 

acid or 69% aqueous sulphuric acid is used. Hydro- general amounting to about 10 to 75 ppm when added as 

bromic acid Hydrochloric acid or boric acid are like- a so-called "material disinfecting agent" to such things 

wise suitable. It is recommended that the same acid be as bath water, drinking water, foodstuffs, cooking wa- 

used as will later be used to stabilize the commercial 2 ter , etc, or is used as a 0. 1 to 2% by weight solution for 

hydrogen peroxide, which will be mixed with the con- surface disinfection. The products or objects disinfected 

centrate. The acid serves as a pH regulator, but also acts with these new agents exhibit absolutely no change in 

as an additional stabilizer for the silver compound and smell, taste or appearance, are. non-toxic, produce nei- 

for the ready-to-use product. For this reason, it is neces- ther skin irritations nor other health impairments or. 

sary to add acid in excess of the amount required to injuries, and are completely inert with respect to ordi- 

adjust pH. The entire amount of acid in the finished nary materials such as concrete, wood, stone, glass, 

concentrate is at least equimolar to the existing amount metals, porcelain, ceramic, plastics, textiles, etc. 

of silver, preferably in excess, for example, of about 100 The ready-to-use agent has a pH of about 2, and 

g of aqueous acid per liter of concentrate. ^ should be adjusted to this pH, if necessary, preferably 

If the concentrate, after it is mixed with hydrogen by. adding an additional quantity of the inorganic acid 

peroxide to become a ready-to-use disinfectant, will be already present in the composition. In contrast to chlo- 

exposed for a long time to UV-radiaition, for example rine, the agent itself does not change the pH of the 

solar radiation, etc., as in the case of an open-air swim- product to which it is added, primarily because only 

raing pool, it is advisable to add gelatin to the concen- 35 small amounts need be used. It can be used- within 

trate at at least 20* C. before homogenization; in gen- broader temperature limits than chlorine, also, namely 

eral, this addition amounts to about 20 g per liter of between 0 and 95° C, and the disinfecting effect in- 

concentrate and protects the silver against the effects of creases with the rising temperature. 

UV-radiation. In the concentrations given above, the new agents are 

It is advantageous to manufacture the concentrate at 40 widely able to annihilate pathogenic germs. They fight, 

a minimum temperature of 20* C. and under red light among other things, Gram-positive and Gram-negative 

until bottling is completed, for example, in containers of bacteria, bacteriophage, viruses, etc., such as & coll 

colored glass or plastic without pigment. Proteus mirabilis, Staphylococcus aureus, Streptococcus 

The concentrate of the present invention is of unlim- faecalis, Pseudomonas aeruginosa, Mycobacterium tuber- 

ited durability, even at tropical temperatures, and re- 45 culosis, Candida albicans; etc. 

mains, in contrast to well-known products, a clear, The new agents are especially suitable for steriliza- 
colorless, homogenous fluid (similar to water) which tion: in the foodstuffs and animal feed industries, includ- 
does not thicken after a long period of time. This lasting ing the canning industry, for preservation of fresh prod- 
homogeneity of the product is a significant advantage ucts, for processing offish for partial or complete pre- 
because it permits optional future portioning of the 50 serving, and for disinfection in slaughterhouses; in the 
concentrate without the renewed homogenizing that beverage industry, and in breweries, for the preparation 
was necessary until the development of the present of mineral water, in the production of wine and spirits, 
invention. in production of fruit and vegetable juices, for disinfec- 
The concentrate may be mixed with hydrogen perox- tion of bottles and casks, and in water to be added to 
ide of 35 to 50% by weight (in water) at a volume ratio 55 concentrates; in water disinfection for drinking water in 
from 1:99 to 1:199. The resulting ready-to-use agent has wells or storage containers, in swimming pools, and in 
an Ag concentration between 0.05 and 0.1% by weight. hot whirlpools; as well as in dairies, in fanning, in the 
At a ratio of over. 1:199, the product loses the silver/hy- chemical and pharmaceutical industries, in laboratories 
drogen peroxide synergy characteristics. At a ratio of and hospitals, for fighting diseases, etc. 
less than 1:99, the possibility arises that the silver will 60 In the following examples, all percentages are rela- 
precipitate from the admixture. The product within the tive to weight, provided no other notations are given. 

above-mentioned limits has a shelf-life of at least 2 „, . 

years, EXAMPLE I 

The concentration of added hydrogen peroxide can, At over 20* C and under red light, 75% phosphoric 

for certain applications, easily amount to 35% by 65 acid was, slowly and by portions, added and stirred into 

weight, yet the product decomposes more quickly and 1 liter fully desalted water until the pH was equal to or 

the rate of disinfection is lower than that obtained by less than 1.6. The mixture was stirred and heated to 55° 

using 50% by weight hydrogen peroxide. C and, with stirring, was mixed with 140 g silver ni- 
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trate. Stirring continued until complete homogenization 
occurred. 

The solution was left to cool to about 25 to 30° O; 
75% phosphoric acid was then slowly stirred in by 
portions so that the entire quantity of aqueous phos- 5 
phoric acid equalled 100 g in solution. The mixture was 
then, without stirring, allowed to reach room tempera- 
ture (20°-25'.C.), at which point 50 g tartaric acid was 
added. 

The resulting mixture was next homogenized, in this 10 
particular case after addition of 20 g of gelatin, which 
was stirred in at a temperature which exceeded 20° C A 
crystal-clear solution resulted. The same result has been 
reached when, in place of aqueous phosphoric acid, 
65% nitric acid or 37% Hydrochloric acid or 69% 15 
sulphuric acid is added for a total addition of 100 g acid, 
and/or when the silver nitrate is replaced by 135 g 
silver sulfate or 124 g silver chloride or 176 g sodium/- 
silver chloride complex (AgNaCh), and/or when, in- 
stead of tartaric acid, 50 g citric acid or 50 g of a mixture 20 
of citric acid and tartaric acid is used. 

EXAMPLE II 

To manufacture 11 liters of concentrate, 1 liter of 
distilled water was, slowly and by portions, mixed at 25 
about 55° C. with 850 g sodium or potassium benzoate. 
Stirring was then stopped, and the mixture was kept at 
55° C. 

In a separate container, 8350 g of colloidal silver 
solution (12 g per liter Ag in 5% hydrous polyhydroxyl 30 
monocarboxylic acid solution from Degussa AG) were 
added slowly and by portions to 75% phosphoric acid, 
65% nitric acid or 69% sulphuric acid to yield a pH less 
than or equal to 1.6, and the mixture was warmed to 55° 
C. 35 

To this mixture 1100 g of the aqueous sodium or 
potassium benzoate prepared above were then added, 
and the mixture was homogenized well. It was subse- 
quently allowed to cool, without stirring, at room tem- 
perature (20*-25° C). To the cooled mixture was then 40 
added, by stirring, an amount of the same inorganic acid 
to adjust pH such that the entire amount equalled 800 g; 
the addition was made slowly and by stirring, in por- 
tions. This caused the mixture to homogenize well. 



from 10 to 34 ppm, for the surface disinfection in a 0.1 
to 2% solution. 

Although the invention has been described with ref- 
erence to specific methods and materials, the invention 
is to be limited only insofar as is set forth in the accom- 
panying claims. 

I claim: 

1. A process for preparing a storage stable, clear 
concentrate of unlimited durability which, upon admix- 
ture with hydrogen peroxide, forms a disinfectant, com- 



(a) admixing an inorganic acid with water, said water 
being selected from the group consisting of dis- 
tilled water and fully desalted water, to yield aque- 
ous inorganic acid having a pH less than or equal to 
1.6; 

(b) admixing said , aqueous acid at a temperature be- 
tween 50 and 60° C with a silver composition, 
selected from the group consisting of silver salts 
and silver salt complexes, in an amount which 
yields 95-105 g Ag per liter of the final concen- 
trate; 

(c) cooling the resultant admixture to between 25 and 
30° C, and adding such an amount of the same acid 
as was used for adjusting the pH of the water 
whereby the total amount of said acid is at least 
equimolar with the amount of silver present; 

(d) adding to said admixture an organic acid stabi- 
lizer, and optional gelatin, at 20 to 25° O; and 

(e) homogenizing the obtained mixture. 

2. The process according to claim 1 wherein the 
inorganic acid is selected from the group consisting of 
phosphoric acid, nitric acid and sulfuric acid, preferably 
in an amount of 100 g per liter water. 

3. The process according to claim 1 wherein the 
silver compound added in step (b) is selected from the 
group consisting of silver nitrate, silver sulfate, silver 
chloride, sodium/silver chloride complex, silver benzo- 
ate, silver carbonate, silver fluoride, silver oxide and 
silver oxide, in an amount which yields approximately 
95-105 g Ag per liter of the final concentrate; and the 
organic acid added in step (d) is selected from the group 
consisting of tartaric acid, citric acid and compositions 



20" C. and renewed homogenizing, a concentrate was 
obtained which was well suited for disinfecting swim- 
ming pools; ultraviolet radiation did not affect the com- 
position during use. 

EXAMPLE III 

Five liters of concentrate, obtained according to Ex- 
ample I, were mixed at volume ratio 1:99 with 50% by 
volume H2O2, at room temperature, under red light, 
and in a retort made of stainless steel, until homoge- 55 
nized. After formation of bubbles ceased* the product 
was bottled. This product was especially suitable for 
long-term disinfection, particularly at high tempera- 
tures, such as an additive for hot whirlpools, recycled 
water for water-cleaning installations, etc., preferably in 60 
a concentration from 40 to 75 ppm. 

EXAMPLE IV 

Eleven liters of concentrate, obtained according to 
Example II, were processed at a ratio of 1:19.9, as in 65 
Example m, with 50% by volume H2O2 into a finished 
product. The resulting product is suitable, for example, 
for disinfection of drinking water in a concentration 



in an amount of 100 g per liter water. 

4. The process for the manufacture of a disinfectant, 
comprising admixing, at a temperature of at least !20* C. 
and optionally under red light, a concentrate, prepared 

50 in accordance with the process of one of claims 1, 2, or 
3, with 35-50% by volume aqueous hydrogen peroxide 
at a ratio between 1:99 and 1:199 concentrate to aqueous 
hydrogen peroxide, whereby the ratio i3 ohosen to yield 
a resultant composition having an Ag concentration 
between 0.05 and 0.1% by weight. 

5. A process for preparing a storage stable, clear 
concentrate of unlimited durability which, upon admix- 
ture with hydrogen peroxide, forms a disinfectant, com- 
prising: 

(a) admixing an inorganic acid with an aqueous solu- 
tion containing colloidal silver solution in 5% 
aqueous polyhydroxymonocarboxylic acid* to 
yield a solution having a pH less than or equal to 
1.6; 

(b) heating said aqueous solution to between 50 and 
60* C. and adding thereto a solution of an organic 
stabilizer in distilled or fully desalted water having 
about the same temperature in an amount which 
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yields approximately 9.5-10.5 g Ag per liter of the 
final concentrate; 

(c) cooling the admixture to 20° to 25* C; 

(d) adding thereto such an amount of the same inor- 
ganic acid as was used for adjusting the pH that the 
total amount of inorganic acid is at least equimolar 
with the amount of silver present; 

(e) optionally adding gelatin; and 

(f) homogenizing the admixture. 

6. The process according to claim 5 wherein the 
colloidal silver is added in the form of an aqueous solu- 
tion which further contains about 5%. by weight of 
polyhydroxyl carboxylic acid, and wherein a benzoic 
acid stabilizer, and optional gelatin, are added. 

7. The process according to any of claims 1, 5, 2, 3 or 
6 wherein said inorganic acid is mixed with said water 
at a temperature of at least 20° C. 



8. The product prepared in accordance with the pro- 
cess of any of claims 1, 5, 2, 3, or 6. 

9. The process according to claim 5 wherein the 
inorganic acid is selected from the group consisting of 

5 phosphoric acid, nitric acid and sulfuric acid, preferably 
in an amount of 100 g per liter water. 

10. The product prepared in accordance with the 
process of claim 7. 

11. The process for the manufacture of a. disinfectant, 
10 comprising admixing, at a temperature of at least 20* C. 

and optionally under red light, a concentrate, prepared 
in accordance with the process of one of claims 5, 6 or 
7, with 35-50% by volume aqueous hydrogen peroxide 
at a ratio between 1:9.9 and 1:19.9 concentrate to aque- 
15 ous hydrogen peroxide, whereby the ratio is chosen to 
yield a resultant composition having an Ag concentra- 
tion between 0.05 and 0.1% by weight. 

12. The disinfectant product obtained in accordance . 
with the process of either of claims 4 or XL 
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storage stability (e.g. 2 years at room temp.). 

PREFERRED COMPONENTS 

Inorganic acids (e.g. hydrochloric acid, or ohosphoric acid), 
and/or organic acids (e.g. citric acid or acetic acid) in 0. 1-10% of the 
concn. are used Chitosan in 10-95% of deacetylation degree is used 
in 0. 1-5 %, pref. 0.5-2%. The silver colloids have < 10a pref. 0.5^ 
prepd by irradiating the light of 50,000 Lux/hour. 

EXAMPLE 

Chitosan (lOg) was added to a mixt of water (900 ml) and citric 
acid (10g), and stirred overnight A soln. of silver nitrate (500 mg), 
and water (100 ml) was dropped into the mixt, and stirred with 
irradiation of fluorescent lamp a day to give a disinfectant soln. contg. 
activated silver of <0.5u. 
(10pp62DwgNo.0/2) 

IJP07165510-A 


Disinfectant solus, or their condensates comprises aq. soln. contg. 
inorganic acid and/or organic acid, chitosan, and silver cpds. (pref. 
silver nitrate-contg, aq. soln.) in 0.5-10Qi g/ml, pref. 5-50 ji/ml of the 
final concn.. 

Also claimed are disinfectant solns., or their condensates contg. 
colloidal particles of activated silver prepd. by irradiating the light to 
the disinfectant solns. or their condensates. 

USE 

The disinfectant solns. or their condensates are useful for 
sterilisation of hands, fingers, mats, sheets or walls in the hospitals. 

ADVANTAGE 

The disinfectant solns. have wide antibacterial spectrum to 
bacterials such as P. aeruginosa, E. coli, or MRSA 15, and good 
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In. previous communications (Dey, Compt. rend. Acad. Sci., U.S.S.R., i947i 83, 
io,|7 ; /. Colt. Sci., I9 48. 3, 473) the formation of a soluble complex bet;£eeu_silvc, 
and citrate ions lias been described. When a soluble citrate is added to a silver nitrate 
solution, a white curdy precipitate is obtained, which dissolves in excess of citrat|.| 
forming the argetitocitrate complex.- (Mukherji and Dey, Anal. C him. Acta, 1955,12. 
soi ; Z. anal. Cheu,., 1955. ««, 94>- The ; composition of the precipitated silver 
citrate seems lo have, remained uninvestigated and it is considered worthwhile to in- 
vestigate its composition. A similar precipitate is also formed by adding sodium, 
potassium or ammonium hydroxide solution to the .colorless solution obtained by dissol- 
ving silver citrate. in an e xcess of citric acid sblution . Tu this note we have found the 
composition of the white curdy precipitate to be Ag.Cit in. every case. 

Procedure.— Standard solutions of silver nitrate, sodium citrate, citric acid and 
sodium, ammonium and potassium hydroxides were prepared using BDH-Analar re- 
agents and dissolving in double-distilled water. All the solutions were standardised 

by tlie usual methods. = ' 

In : the : first set of experiments 25 c.c; of o.xzS M-.sllver nitrate was taken and 1 M 
solution of sodium dihydtogcti citrate was added ' dropWfae till precipitation was com- 
■ plete. The precipitate was kept overnight, filtered in a sintered glass crucible and was 
thoroughly washed with water. The' precipitate was dried in an air-oven at loo-no*, 
and then analysed for its silver content which was found to be 62.39% <Ag calc. for 

Ag a Cit:63.i3%). " , „ r 1. . . , f 

In a second set of experiments equal volumes of 0.125 M silver nitrate and^Jtf 

citric acid were mixed and to the mixture varying amounts of iM sodium, potassium 
or ammonium hydroxide were added. The precipitates obtained were washed and ana- 
lysed after drying. In every cose, the composition was found to be-AgaCft*- — - 

It is thus concluded that the precipitate in- all cases is Ag^Cit, f.e., silver replaces 
carboxylic hydrogen tn citric acid to produce the insoluble citrate, and that the hydro- 
1 xyiic hydrogens are not involved in the formation of piecipitated silver citrate. It is 
" also evident that the soiubie<^entocitrate ^unstable in presence of alkali and is de- 
composed, to silver citrate ou the addition of hydroxyl ions. Further work on complex 
citrates is in progress. 

The authors are thankful to the Scientific Research Committee, U. P. Govt-, for 
supporting the work aud for the award of a research assistantship to one of them 
(K.C.M.). 
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ABSTRACT 



A process for producing silver-ionic water, comprising; 

a step of passing water through a first electrolytic cell 
chamber containing an anode and a cathode and 
provided with silver on the anode, under the appli- 
cation of a voltage, to dissolve out silver ions; and 

a step of passing the water in which said silver ions 
have been dissolved out, through either one or 
both of an anode compartment and a cathode com- 
partment of a second electrolytic cell chamber 
containing an anode and a cathode and separated 
into said anode compartment and said cathode 
compartment with a diaphragm formed between 
both of said electrodes. 

The process is useful for producing acidic silver-ionic 
water and/or alkaline silver-ionic water without caus- 
ing the formation of colloids even under relatively 
higher silver ion concentration. 

Also disclosed are useful apparatus for practicing the 
above processes. 

10 Claims, 3 Drawing Sheets 
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PROCESS AND APPARATUS FOR PPnnitrro.- ^ bacte £ a ' with thc loss of eff ** by sUver 

rKOCJ*5> AND ^™«AraS FOR PRODUCING ions and no achievement of the object. 

SILVER-IONIC WATER To cope with the problem, the present inventors have 

nAwo B ATTxm made intensive studies. As a result, they have found that 

BACKGROUND OF THE INVENTION 5 silver-ionic water having a given silver ion concentra- 
This invention relates to a process for producing tion undcr the acidic condition of pH 5 or less or the 
silver-ionic water (or silver ion-containing water) used alkaline condition of pH 8 or more may have a remark- 
in the field of, for example, sanitary administration in aWe bacteriostatic action against bacteria present to- 
processing, distribution and selling of foods, soil condi- S etfl er with proteins, with a silver ion concentration 
tioning and cultivation promortion in agriculture, envi- 10 ***** m *y be Jess dangerous for human bodies, and that 
ronmental sanitation in medical care, etc, and an appa- ^ acidic silver-ionic water has an action of supplying 
ratus for producing the same. °* to *oots of plants and the alkaline silver-ionic water, 
Silver-ionic water, which is less dangerous for human en su PP lied to P J ant cells, has an action of promoting 
bodies and has an bactericidal action, has recently at- photosynthesis. 

tracted notices as potable water, sterilized water and so 15 211 apparatus for producing acidic or alkaline sil- 
forth. ver-ionic water, known is an apparatus as disclosed in 
In the present invention, the actions expected in silver 2w22!SL« U * examined Patent Publication No. 
ions include a bacteriostatic action against bacteria, an 9 '088/1985, for example. As shown in FIG. 3, this 
action ^of supplying acti vie oxygen to roots of plants, an apparatus comprises an electrolytic cell 11 provided 
action of supplying OH ions for the purpose of promot- ™7* J? 1 a ^ ode 12 comprising a silver electrode, and a 
ing photosynthesis in the cells of plants with a lower cathode 13 comprising a carbon electrode or the like, 
amount of light, and actions such as elimination of pains, w ° ereu * a cylindrical ipn-exchaage diaphragm 14 is 
hemostasis and promotion of a vulnerary action Of ^P 0 ^ around the anode 12, which diaphragm 14 
these, the bacteriostatic action originates from the oxi- defines 311 anode compartment 15 and a cathode com- 
dation catalytic function inherent in silver acting on a P a 5 tment » which are separated from each other, 
cell membrane of bacteria, the silver concentration, and Wat « Passes through branch pipes 17a and X7b of a 
the pH of ionic water. Upon contact of silver ions with TOndul * 17 > - ■*» * led mt <> the anode compartment 15 
a bacterial body, the catalytic function of silver may ™ .™ j»tbode compartment 16, respectively. One end 
cause a radical reaction in the unsaturated aliphatic add 1 feedback pipe 18 is connected to the bottom of the 
constituting a hydrophobic part of a cell membrane of compartment 16, and the other end of the feed- 
bacteria to hydrolyze the same. The cell membrane of pi H 18 *° upper P ortion of anode 
bacteria thereby loses its function, aiming at stoppina compartment 15. Water in the cathode compartment 15 
vital activities by inflow of water, and DNA and con- f^k ? *° ^° de compartment 15 through the 
stitutentsofa nuclear membrane may not be affected by ,* [fff j»P*»Also, a take-out pipe W is connected 
the catalytic function of silver to remain in 7sound 35 £^*°i? m £ °«P««»** and another 
form. Moreover, silver tends to be little accumulated Sf^^f 20 ?f 0nneCted to bottom ofthe <****" 
inside a living body as compared with other metallic ^fSfffS - 

elements. From these facts, silver ions are considered to *J?SZ *™ ^ PP f?i US ^ wa u ter 13 »*"*»** 
be little dangerous for human bodies and, from a genetic ^ ™^*??2?u ""K?^ » ^ d * e cathode corn- 
viewpoint also, cause no disorder in a fetiT^f t mav P ^*f 1 J? thebranch pipes 17a and 17* of the 
affect a next g^^ ^^'ftf^ ****** fr ° m the cathode 
adjusted, has a possibility to serve as a new bacterid ££25 nL 18 F^ W T^*^ J? ^ 
static agent substituting conventional chemical medica- 55? ^ *2 ^ m f* 0 ** 
ments mcaica compartment 15 is taken out from the take-out pipe 19 

V 3 ^/Me a voltage is 50 anode compartment 15 and alkaline sflver-ioric water fa 

,„ fn^wf™ fS!. ^ ? nedabove B mvoIved partment 16 is aUowed to circulate to the anode com- 

m a problem that the resulting silver-ionic water is sub- partment 15 through the feedback nine 18 Ae v^ter 

SUTb^rL^^t ^ •"**■«.* 55 ^"fromthefSodY^^^ 

^™. I ^L b ? ad f rb t d ™ Proteins and can have only ode compartment 16 may have substantially the same 

a httle chance for direct contact with the inside of a cell silver ion concentration. * ^ C 

waL^L^ . when P™ te ?? contained in However, in the above apparatus, a high voltage 

Tn^t^T^ * m C ?ff ^ vn ^ bm ' resultin8 W tadtobe applied in order to attain the desired «C 
m an extreme owenng of its bacteriostatic action. Spe- 60 value by applying a voltage to the anode 12 and the 

t£ to/r!^V^ 0a f*.^ ^f"*? 1 cathode 13 P Therlfore, bemuse of th^ver electi-oae 

hL^nt P ;^ TZ °% ^ veMOIUC water was Provided on the anode 12, if it is attempted to increase 

ti™ £ KMtact with bactena in an aqueous solu- the sflver ion concentration of the water to be takTnou* 

^elv h= ? TO ^ f 8501 ^ sepa- silver particles beings to precipitate to form coUoms 
lately, with bactena adhered to proteins, but, because of 65 when the silver ion concentration reach esTa certain 

£nS? en V r ° nme f t; mEtaUiC i0nS J Were vigorously level. Thus, there has be^n a W T£££?Z 

%£^JT°7L re ^ m 8' ons r and was not able to ^er ion concentration. Moreover, the« hTbeW a 

enter the ceUs of bactena when brought into contact fear of adversely affecting human bodies when a targe 



05-09-2 



Printed: 10-09-2008 ( ODOCP {;=•., EP 98 954 966 



4,755,268 

3 4 

Quantity of silver grains are precipitated to form col- side of a second electrolytic cell chamber containing an 
?t£ anode and a cathode and separated into an anode com- 

10 partment and the cathode compartment with a dia- 

SUMMARY OF THE INVENTION phragm formed between both of said electrodes; and 

An obiect of the present invention is to provide a 5 (e) adding sodium chloride to the water having been 
process, and an apparatus, for producing silver-ionic passed through said cathode compartment so that silver 
water, that can produce acidic silver-ioaic water or may be present in the water as a soluble complex 
alkaline sUver-ionic water without causing the forma- As an apparatus for carrying out the above process 
tion of colloids even under relatively higher silver ion according to the second embodiment of the present 
concentration, and also that can produce silver-ionic 10 invenUon, there is provided an apparatus for producing 
water having electric conductance of 350 to 2000 silver-ionic water, composing; . 
M u/cm3 at which the acidic side electrochemical poten- , an ion exchange chamber filled with an iron exchange 
tial can be increased. material; 

Another object of the present invention is to provide a first mixing bath for adding an organic carboxylic 

a process, and an apparatus, for producing long term 15 acid; . . , 

^^flver,ionic water, which makes it possible to a first electrolytic ceUchamber containing ;n .anode 
produce sUver-ionic water that can stably maintain a and a cathode and provided with silver on the anode, 
uniform silver ion concentration over a long period of a second electrolytic cell chamber having an anode 
time and also can attain high operational effects against and acathode and separated into an anode compartment 
target matters such as bacteria under relatively low 20 and a cathode compartment with aiiiaphragm formed 
concentration and even in the presence of proteins between both of said electrodes; 

Wed a second mixing bath for adding sodium chloride; and 

According to a fust embodiment of the present inven- a flow path in which water is flowed out after being 

tion there is provided a process for producing silver- passed from said ion exchange chamber through said 

iWc watei comprising; 25 first mixing bath, said first electrolytic cell chamber, the 

a step of passing water through a first electrolytic cell cathode compartment of said second electrolytic cell 

chamber containing an anode and a cathode and pro- chamber and said second mixing bath. 

vided with silver on the anode, under the application of BRIEF DESCRIPTION OF THE DRAWING 

a voltaee* to dissolve out silver ions; and " 

- a steoof passing the water in which said silver ions 30 FIG. 1 is a partially cross-sectional view showing an 
^have been dissolved out, through either one or both of embodiment of the apparatus f ^^^f^^ 
:L an anode compartment and a cathode compartment of a water according to the first embodiment of the present 
^second electrolytic cell chamber containing an anode invention; - 

ami a cathode and separated into said anode compart- FIG. 2 is a partially cress-sectional view showing 
ment and said cathode compartment with a diaphragm 35 another embodiment of the apparatus for producing 
formed between both of said electrodes. silver-ionic water according to the second embodiment 

As an apparatus for carrying out the above process of the present invention; and 

- according to the first embodiment of the present inven- FIG. 3 is a cross-sectional view showing a conven- 

- tion, there is provided an apparatus for producing sil- tional apparatus for producing silver-iomc water ac- 

- ver-ionic water, comprising; 40 cording to a prior art 

a first electrolytic cell chamber containing an anode DESCRIPTION OF THE PREFERRED 

i -.and a cathode and provided with silver on the anode, " " *" EMBODIMENTS 

- a second electrolytic cell chamber containing an 

anode and a cathode and separated into an anode com- According to the present invention, acidic silver- 
partment and a cathode compartment with a diaphragm 45 ionic water such as Ag+ -containing water can i be ob- 
formed between both of said electrodes, and tained by dissolving out silver ions in water m the first 

at least one of a flow path in which water is passed electrolytic ceU chamber and passing this water 
from said first electrolytic cell chamber through the through the anode compartment of the second electro- 
anode compartment of said second electrolytic cell lytic cell chamber, and alkaline sdver-iomc water such 
chamber and flowed out, and a flow path in which 50 as water containing Ag(OH) 2 -, Ag 2 (OH)+, etc. can be 
water is passed from said first electrolytic cell chamber obtained by passing the water treated m the first eiec- 
through the cathode compartment of said second elec- trolytic cell chamber through the cathode compartment 
trolytic cell chamber and flowed out. of the second electrolytic cell chamber. Also, in the 

According to a second embodiment of the present apparatus for carrying out this process, the voltage, 
invention, there is a provided a process for producing 55 current, and flow rate of -water in the first electrolytic 
Xer-ionlc water, comprising; cell chamber may be controlled toattmn a deseed sdver 

(a) subjecting water to a demoralizing treatment to ion concentration, without formation of colloids of 
decrease ionic Substances in the water; silver particles evenwhen the silver ion concentration 

(b) adding an organic carboxylic acid to the ion- has been increased. This lis becau^ Ae desired suver ion 
decreased water <» concentration is controlled in the first electrolytic cell 

(c) passing the water to which the organic carboxylic chamber and the water having been made silver-ionic is 
acid has been added, through a first electrolytic cell made acid or alkaline in the second electrolytic cell 
chamber containing an anode and a cathode and pro- chamber. According to the apparatus of the present 
vided with silver on the anode, under the application of invention, it is also possible to produce an acidic silver- 
a voltage, to dissolve out silver ions; 65 ionic water having an increased acidic side eleetro- 

(d) passing under the application of a direct-current chemical potential and an alkaline silver-ionic water to 
voltage the water in which said silver ions have been have respectively the desired pH value, EC value and 
dissolved out, through at least a cathode compartment amount of dissolved oxygen by controlling the voltage, 
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current, and flow rate of water in the second electro- The aforesaid connecting pipes 33 and 34 are con- 

^a^mI^ 6 '" f *a k a' »ected to me bottom plate 22, ofwWch the connecting 

According to a preferred embodiment of the present , pipe 33 is led to the above cathode compartment 28 and 
invention, there are provided, in addition to the above the connecting pipe 34 is led to the above anode corn- 
water flow paths, a flow path in which the water is 5 partment 27. Lead-out pipes 37 and 38 are connected to 
directly passed though the above anode compartment the cover plate 24, of which the lead-out pipe 37 is led 
of the second electrolytic cell chamber and flowed out, to the cathode compartment 28 and the lead-out pipe 38 
and Mother flow path in which the water is directly is led to the anode compartment 27. . The lead-out pipes 
passed through the above cathode compartment of the 37 and 38 are provided with valves 39 and 40, respec- 
second electrolytic cell chamber and flowed out. Ac- 10 dvely. * 700 

cording to this embodiment, water is passed from the A second water-feeding pipe 41 is connected between 
first electrolytic cell chamber to the second electrolytic the valve 35 of the conning pipe 34 and^e bottom 
cell chamber and at the same time another water is plate 22 via a flowmeter 42 and a valve 43. A third 
ttT^r 6 ! I to £? h u ^u h0 t e com P artment of „ water-feeding pipe 44 is connected between the valve 
*e second electtolytic cell chamber, so that, while 15 36 of of the connecting pipe 34 and the bottom plate 22 
controlling the flow rate or both the water, desired via a flowmeter 44 and a valve 46 

^""^ ™teronly «» be J 3 **" 0* from the To simultaneously obtain the acidic silver-ionic water 
anode compartment of the second electrolytic cell and the alkaline silver-ionic water by use of this appara- 
chamber. Alternately, water is passed from the first tus. valves 36, 36, 39 and 40 are opened, and valves 43 
electrolytic cell chamber to the anode compartment of 20 and 46 are closed, so that water is fed from mTfiwt 
tile second electrolytic ceU chamber and at the same water-feeding pipe 31. The water thus fed from the first 
^another water is directly passed through the anode water-feeding pipe 31 is led into the first electrolytic 
compartment of the second electrolytic cell chamber, cell chamber 11, where silver ions are formed Then! 

ter^i^T* 0 ^ 8 * Cfl ° W 1316 ° fb0th *• wa " 25 part of water containing silver ions is lefmto the 
ter, desired alkahnesilver-iomc water only can be taken 25 anode compartment 27 of the second electrolytic cell 

^ C ° mpartment of * e sec0ttd elec - Camber 21 ftZgh the connecting pipe 3» aKen 

nafmS^f' , ' °«*fro» lead-out pipe 38 m the of acfdSlu" 

* J2 • r - teS . aa essm P le of . ^ apparatus for ver-ionic (e.g. Ag+) water formed in the anode com- 

P^"<™ B «lver-iomc water according to the first em- partment 27 and having an electric conductance of 350 
iK^MrTT,, « 30 to2(XX)^/cm3.Atthe 8 sametimetheremth,r e mamSg 

el^.W^r^f S » °^ y COm P n f eS 3 of tte water containing silver ions is led into the 

electrolytic ceU chamber 11 and a second electrolytic cathode compartment 28 of the second electrolytic cell 

^^ 2 L? &S 1 t ^° lyfiCttl . ICllamberUis chamber n^ough the connectmgpU MVanTtitkln 
enclosed by a bottom plate 12 comprising a non-con- 35 out from the lead-out pipe 37 in the form of alkaUne 
ductive material, a cathode plate 13 surrounding the silver-ionic (e.g. Ag(0^, Ag 2 (OH)+) water formed 
outer penphery and made of stainless steel or the like, m the cathode compartment 28. 

TlSonS™ M TfM f * n0n 2 o,ldu o tive ,nateriaI - To obtain only the acidic silver-ionic water by use of 
^SLnerA,^ ' "V* the above apparatus, procedures may be taken as fol- 

taSHS^ a , JTT ' ^reof may be 40 lows: Valves 36, 39, 40 and 43 are opened, and valves 35 

wiTsav^^v^*, /: 6 prOVlded and 46 are closed. Under such a state, water is fed under 

tv, rf.-^ ? f" 0 ? , pressure from the first water-feeding pipe 31 and the 

J* TZ?1?T° P „ ' 8 ^ watel " feedin S PiPO 31 second water-feeding pipe 41. respectivdy. The water 
^rZT^w 2 flowmeter 32 provided on the way of fed from the first waler-feeding pipe 31 passes through 
the pipe so that water may be introduced into the first 45 the first electrolytic cell chamber 11. the connectina 
S^rfS^ff chamlx^ll tli^ughthepipe31.Tothe pipe 34 and the £ode compartment 27 of me^nd 
^i^i, f , ^^ tWg PlpeS , 33 ai ! d 34 con - electrolytic ceU chamber 21, and flows out from the 
SfJ^ £?, Z*"*. m r ^ fttSt EleCtrolytic 0611 ^d-out pipe 38. Also, the water fed from the second 
chamber 11 canbe led out of it. The connecting pipe 33 water-feeding pipe 41 passes through the connectina 
bSS 8 ^ 35 and the connecting pipe 34 50 pipe 33 and meTmode*^^^ 28 IfmTst^nd 

l2Z£f£$L 36 'a , , ... electrolytic cell chamber 2lf and flows out from the 

be^lt enclr^J ^T^f^S? 1 *^ ^ Cham " lead ^ ut 37 - H «e. the flow rate of the water flow- 
™*J: « enclo f d . fe y a b ° ttom P, la 'e 22 made of a non- ing through both the flow paths is controlled as neces- 
conductive material a cathode pbte 23 surrounding the sary while watching the flowmeters 32 and 4Z Under 
™h * w ° f stSMnless feel or the like. 5 5 such astate, a direct-current voltage is applied between 

TV, th™ P f ?* '£** of "on-conductive materiaL the anode rod 15 and cathode plate 13 of the fixst elec" 
ZVZ P ** an J ° de plate 25 « feed in the trolytic ceU chamber U, and also a direct-current voU- 

S?™, , may fl mWa f, d ftended. In the inside of age is applied between the anode plate 25 and cathode 
electrolytic cell chamber 21, a cylindrical plate 23 of the second electrolytic cell chamber 21 
X ?*Zv?J! na ? S * i "Sc" 8 to. surround the anode 60 Taking these procedures, the water fed from the first 
™ ZZt « J T ,ap ^ 8m partltl0ns 811 S 10 * com - water-feeding pipe 31 is led into the first electrolytic 
S2Jf a J^^?T par S ne,lt i 28 ' ^ dia - ^ chamber whe " silver ions are formed, led mto 
c£ZT™ J? £ r T?? that " ions such 88 the ^ooe compartment 27 of the second electrolytic 

™^™ g t ^ \ K ' t ,C ^ 0 paSS fr ° m °" 06,1 chamber 21 through the connecting pipe 34, and 

aSoTs^a- S04 - Hn^T 28 ^ 65 taken out from the lead-out pipe38mtheform of acidic 
fZi^S C1 • S04— , HCO3-, etc to pass silver-ionic water such as Ag+ ionic water formed in 
27 ^ COmpartment 28 to the anode com- the anode compartment 27 Jd having antleSric co" 
partment 27, to prevent reverse flowing of them. ductance of 350 to 2000 fiu/crn*. clccm c con 
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To obtain only the alkaline silver-ionic water by use 
of the above apparatus, valves 35, 39, 40 and 46 are 
open, and valves 36 and 43 are closed. Water is fed from 
the first water-feeding pipe 31 and the third water-feed- 
ing pipe 44, respectively. Taking these procedures, the 
water fed from the first water-feeding pipe 31 is led to 
the first electrolytic cell chamber 11, where silver ions 
are formed, led into the cathode compartment 28 of the 
second electrolytic cell chamber 21 through the con- 



For comparison, similar experiment was carried out 
in the following manner by use of the apparatus shown 
in FIG. 3: In the apparauts shown in FIG. 3, water was 
fed from the water-feeding pipe 17 at a rate of 4.5 lit/- 
rain, and the water divided in substantially equal 
amounts was led into the anode compartment 15 and the 
cathode compartment 16. Then, the water in the cath- 
ode compartment 16 was circulated to the anode com- 
partment 15 through the feedback pipe 18. Further, 



necting pipe 33, and taken out from the lead-out pipe 39 10 water was taken out from the take-out pipe 19 of the 



in the form of alkaline silver-ionic water such as Ag- 
(OH)2- or Ag2(OH)+ water formed in the cathode 
compartment 28. 

In this apparatus, acidic or alkaline silver-ionic water 
having a desired silver ion concentration and pH can be 
obtained by controlling the flow rate of the water flow- 
ing though the respective flow paths, the voltage to be 
applied to the anode rod 15 and cathode plate 13 of the 



anode compartment 15 and the take-out pipe 20 of the 
cathode compartment 16, respectively. The electric 
conductance of the water was 182 jxu/cm 3 , same as the 
above. Under these conditions, the experiment was 
15 carried out with varied voltage applied to the anode 12 
and the cathode 13, and the concentration of silver ions 
contained in the water taken out was measured by 
atomic absorption. In this apparatus also, the water 



first electrolytic cell chamber 11 and the voltage to be _ taken out from the anode compartment 15 ^"wttir 
^ „t*,* « *nrf r^thnde nlate 23 of the 20 taken out from the cathode compartment 16 had sub- 



applied to the anode plate 25 and cathode plate 23 of the 
second electrolytic cell chamber 21. 

In this instance, the controlling of the silver ion con- 
centration can be varied chiefly depending on the volt- 
age applied to the anode rod 15 and the cathode plate 13 2$ 
of the first electrolytic cell chamber 11. Speaking more 
precisely, the silver ion concentration can be controlled 
according to the product of the applied voltage in the 
first electrolytic cell chamber 11 and the electric cur- 
. rent flowing in water at that time; in other words, the 30 
..JS. electric power consumption. Since the electric current 
flowing in water can be determined according to the 
v" applied voltage, the electric conductance of water and 
the flow rate of water, it anyway follows that the silver 
ion concentration can be controlled according to the 35 
applied voltage, the electric conductance of water and 
the flow rate of water. Accordingly, it follows that the 
higher the applied voltage, the electric conductance of 
~* water and the flow rate of water are, the higher the 
silver ion concentration is made. 40 

Results obtained by experiments actually carried out 
.by use of the above apparatus are as follows: The flow 
■ rate of the water flowing through the first electrolytic 
cell chamber 11 was made to be 4.5 lit/min. The electric 
conductance of the water used was 182 )tv/cm\ The 45 
voltage applied to the second electrolytic cell chamber 
21 was made constant at 100V. Under these conditions, 
with varied voltage applied to the first electrolytic cell 
chamber 11, the water mentioned above was passed 
through the first electrolytic cell chamber 11, and the 50 
water passed there was led through two divided courses 
to be taken out after being passed respectively through 
the anode compartment 27 and cathode compartment 
28 of the second electrolytic cell chamber 21. The con- 
centration of silver ions contained in the water thus 55 
taken out was measured by atomic absorption. When 
the voltage applied to the first electrolytic cell chamber 
11 was same, the water taken out from the anode com- 
partment 27 and the water taken out from the cathode 



stantially the same silver ion concentration, when the 
voltage was kept constant. The. relationship between 
the electric power consumption in the electrolytic cell 
and the concentration of silver ions contained in the 
water taken out, thus obtained, is shown in Table 2. It is 
seen from Table 2 that the silver ion concentration 
reaches a maximum at the electric power of 36W, and 
the silver ion concentration is lowered on the contrary 
even if the electric power is made higher. It was also 
actually confirmed that silver particles were precipi- 
tated to form colloids when the electric power con- 
sumption exceeded 36 W. 

TABLE 1 



Electric power consumption 


Silver ion concentration 


(W) 






Cppm) 


3.4 






0.70 


12.6 






1.50 


27.9 






2.14 


48.4 






2.94 


TABLE 2 


Electric power con 


sumption 


Silver ion concentration 


(W) 






(ppra) 


2.6 






0.55 


9.4 






1.15 


20.7 






1.58 


36.0 






1.94 


55.0 






1.79 


67.7 






1.70 



On the other hand, in the apparatus of the present 
invention, the pH can be chiefly controlled by the elec- 
tric power consumption in the second electrolytic cell 
chamber 21. This electric power consumption can be 
determined by the voltage applied tt the anode plate 25 
and the cathode plate 23, and the electric current flow- 
ing in water. The electric current flowing in water can 
be varied depending on the flow rate of water and the 
compartment 28 had substantially the same silver ion 60 electric conductance of water, when the applied volt- 
concentration. The relationship between the electric 
power consumption in the first electrolytic cell cham- 
ber 11 and the silver ion concentration of the water 
taken out from the second electrolytic cell chamber 21, 

thus obtained, is shown in Table 1. It is seen from Table 65 ment 28, and the pH of the acidic silver-tonic water 
1 that the higher the electric power consumption in the taken out from the anode compartment 27 and the pH of 
first electrolytic cell chamber is, the higher the silver the alkaline silver-ionic water taken out from the cath- 
ion concentration is. " ode compartment 28 were respectively measured. Re- 



age is kept constant- Now, the voltage applied to the 
second electrolytic cell chamber 21 was made constant 
at 100 V, with varied flow rate of the water flowing in 
the anode compartment 27 and the cathode compart- 
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suits obtained are shown in Table 3 (the acidic silver- 
ionic water) and Table 4 (the alkaline silver-ionic wa- 
ter). Table 3 and Table 4 tell that the smaller the flow 
rate is, the more the electric current is, and, as a result, 
the higher the electric power consumption is. It is seen 
from Table 3 that the pH decreases with increase in the 
electric power consumption, in respect of the acidic 
silver-ionic water taken out from the anode compart- 
ment 27. It is also seen from Table 4 that the pH in- 
creases with increase in the electric power consump- 
tion, in respect of the alkaline silver-ionic water taken 
out from the cathode compartment 28. 

TABLE 3 



10 



10 





(Acidic silver-ionic water) 




Flow rate (lit/min) 


Voltage (V) Current (A) 


pH value 


10 


100 4 


5.13 


9 


100 5 


4.25 


2 


100 12 


3.29 


TABLE 4 


(Alkaline silver-ionic water) 




Flow rate (lit/min) 


Voltage (V) Current (A) 


pH value 


10 


100 4 


7.90 


9 


100 5 


9.09 


4.5 


100 12 


10.5 



tration of 800 ppb, 1,200 ppb, 1,600 ppb and 2,000 ppb 
was prepared. Thereafter, a platinum loop each of Esch- 
erichia coli and Staphylococcus was inoculated into 
each solution, followed by addition of a 0. 1 % broth, and 
the movements (viable cell counts) of the bacteria were 
observed with time lapse while cuituring them at 35° C. 
As a result, the viable cell counts on Escherichia coli 
were as shown in Table 5. 

As to Staphylococcus, the state of growth thereof 
was observed based on the turbidity of the solutions to 
obtain the results as shown in Table 6. Thus, the acidic 
silver-ionic water was found to have a remarkable bac- 
teriostatic action. 
The Escherichia coli and Staphylococcus used in the 
15 above were further cultured to repeat experiments simi- 
lar to the above several times, but there appeared no 
bacteria resistant to silver ions, showing the same bacte- 
riostatic action as in the first instance. Thus, there is a 
feature that the appearance of resistant bacteria, which 
20 has been very usual in using conventional medicaments, 
is not seen at all in using this silver ions. 



25 



35 



As a further feature in the apparatus of the present 
invention, the silver ions, having been dissolved out in 
the first electrolytic cell chamber 11, may be passed 
through the anode compartment 27 of the second elec- 
trolytic cell chamber 21, whereby the acidic silver-ionic 
water having a desired electrical conductance can be 
obtained. More specifically, the electric power con- 
sumption in the first electrolytic cell chamber 11 and 
the electric power consumption in the second electro- 
lytic cell chamber 21 may be controlled, whereby the 
electric conductance of the acidic silver-ionic water 
taken out from the anode compartment 27 of the second ^ 
electrolytic cell chamber 21 can be varied in the range 
of 350 to 2000 u.u/cm 3 , and thus the electric conduc- 
tance can be selected depending on what the silver- 
ionic water is used for. Increasing the electric conduc- 



. Contact % 




Silver ion concentration 




time 


Control 0 


800 ppb 1200 ppb 


1600 ppb 


2000 ppb 


10 min 


2000 


160 290 


60 


180 


2 hrs 


3500 


70 70 


30 


30 


4 his 


20000 


30 20 


0 


0 


6 hrs 


55000 


20 10 


0 


0 


24 hn 


19000000 


30 0 


0 


0 


48 hrs 


80000000 


500000 500000 


500000 


0 


TABLE 6 




Tests on Staphylococcus suspension 




Contact time Control 800 1200 


1600 


2000 ppb 


24 hrs 


+ 








48 hrs 


+ 








72 hrs 


+ 









Next, prepared was silver-ionic water each having a 
silver ion concentration of 1 ppm, 0.5 ppm and 0.2 ppm, 
the pH of which was varied respectively to be 10, 9, 8, 
7, 6, 5, 4 and 3. On the other hand, Staphylococcus and 
tance like this, it is made possible to'improve tfaTcdl Att Esehe ^ tt coiivrm subcultured for 3 days with use of 
permeability of silver ion to enhance the bacteriostatic M ordmary broth medium. Also, general various bac- 

tena were cultured from white cofTee. The above 
Staphylococcus, Escherichia coli and general various 

bacteria were collected by the number of 10 3 for each, 

plants, and further to supply*acUve oxygen to'tnTroots ?°* htoa & t mto contact each of the above silver- 
of plants. 50 lomc water for 5 minutes to measure the viable cell 

counts. Results obtained were as shown in Table 7. As 
will be seen from Table 7, the bacteriostatic action tends 
to become remarkable at the pH of 5 or less or the pH 



permeability of silver ion to enhance the bacteriostatic 
action thereof, to give electrochemical potential to 
trace elements to enhance a complex formation ability 
or an ability for metal complexes to be absorbed into 



of plants. 

TEST EXAMPLE i 
Using the above apparatus according to the first em- 



bodiment of the present invention, acidic silver-ionic 
water each having the pH of 3.5 and a silver ion concen- 



of 8 or more. 



TABLE 7 



Staphylococcus 



Escherichia coli 



Ag ton concentration; 



General various bacteria 



pH 10 

pH9 

pH8 

P H7 

pH6 

pH5 

pH4 

pH3 



0.2 ppm 0.5 ppm 1 ppm 0.2 ppm 0.5 ppm 1 ppm 0.2 ppm 0.3 ppm 1 ppm 



0 0 0 0 0 0 0 0 

10 0 0 70 0 0 8.9 X 10 3 0 

1.1X10* 43 1 9.1X10* 2 I 2.1 X W* 10 X 10 3 

5.3 X 10* 3.7 X 10j 3.6 X 10* 3.6 X 10* 9.4 x 10* 5.6 X 10* 8.2 X 10* 6.4 X £ 

9.8 X 10* 1.1 x IIP 2.1 X 10* 2.1 X 10* 6.2 X 10* 3.1 X 10* 6.1 X 10* 5 1 X ' 0 3 

H * !2 *' 2 * !(P 27 8 7 X ,0 J 72 X 102 50 9.1 X 10 3 26 X 0* 

** 3 3 6 X 10 3 12 0 4.5 X 10* 610 

10 0 O 2_ 0 0 87 0 



0 
0 

2.0 X 10 2 
2.5 X 10 2 
1.9 X 10 2 

1.1 X 10* 
0 

0 
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Subsequently, using acidic silver-ionic water, tomatos 

were cultivated according to hydrophonics under the 

following conditions: 

Kind of tomato: Ponderozer 

Cultivation room: In a glass room not heated. 

Medium: Rock wool; culture solution circulation sys- 
tem. 

Culture solution: An aqueous solution obtained by dilut- 
ing "Bioaqua** (trademark; available from Sanraiku 
K.K. to 1/3000 with purified water. 
Ag+ ionic water: An aqueous solution of pH 2.4, di- 
luted to 1/2000. Water was fed for 10 minutes every 
two hours in twenty-four hours. 
Those cultivated without using the silver-ionic water 
were used as a control. Properties of the both culture 
solutions are shown in Table 8. The number of mature 
berries, average days for maturation, and longest term 
for maturation of the tomatos cultivated by use of both 
the culture solutions are shown in Table 9. 

It is seen from Tables 7 and 8 that the maturation of 
tomatos is promoted by the acidic silver-ionic water. 

TABLE 8 



12 

TABLE 10 





Amount of 
tight 
(lux) 


Germi- 
nation 
rate 
(%> 


Yield 
(g) 


Rot of roots 


General 
city water 
(pH7) 
Alkaline 
Ionic water 
(pH 8) 
Ag<OH>2-. 
Ag2(OH)+, etc 
ionic water 
<pH 8) 


1100 


75 


750 


Pulpy state 


1100 


75 


SOO 


Pulpy state 


1100 


96 


1100 


None 



Properties 


Purified water + 
~y Bioaqua 


Silver-ionic water -f 
Btoaqua 


pH 
EC 
mu 

DO' 


7.19 
0.00 
342 
9.1 


5.0 
0.64 
638 
21.0 


TABLE 9 


Planted 
(April 5th) 


Number of 
mature 
bemes 


Average Longest 
days for term for 
maturation maturation 
(day) (day) 


Purified water + 


44 


58.5 73 



- diluted to 
1/1500 

Silver-ionic water + 
^„ Bioaqua; 
"""..diluted to 
-1/2000 



50.1 



The silver-ionic water obtained by the apparatus of 
the present invention can be utilized, for example, in 
preservation invention can be utilzed, for example, in 
preservation of food, sterilization of tableware or kitch- 
20 ens, sterilization of the inside of refrigerators, etc. There 
can be also expected bacteriostatic effects on noodles 
and fish-paste products such as kamaboko (boiled fish 
paste), or effects of preventing spoilage of food by 
washing food such as meat and vegetables. Use in acti- 
25 vation of plants is further expected, suggesting a possi- 
bility of wide utilization. 

As described above, according to the first embodi- 
ment of the present invention, silver ions are dissolved 
out in the first electrolytic cell chamber, and the water 
30 containing silver ions is led into the second electrolytic 
cell chamber to be formed into acidic silver-ionic water 
or alkaline silver-ionic water with desired silver ion 
concentration and pH by controlling valves and by 
controlling voltage and electric current Moreover, the 
35 acidic or alkaline silver-ionic water can be produced 
without formation of silver colloids even under rela- 
tively higher silver ion concentration. After the silver 
ions are dissolved out in the first electrolytic cell cham- 
ber, the water containing silver ions is led to the anode 
40 compartment of the second electrolytic cell chamber, 
whereby it is possible to increase the electrochemical 
potential to obtain acidic silVer-ionic water having 
higher electric conductance. 
The second preferred embodiment of the present 



Further, using alkaline saver-ionic [Ag(OH)2-» Ag 2 - 43 mvent ion will be described below in detail. 



(OH)+, etc.] water (pH: 8; silver ion concentration: 50 
ppb), radishes Kaiware were cultivated under the fol- 
lowing conditions: 
Kind: Radish Kaiware 

Cultivation room: wooden dark room of 50 cm wide, 2 

m and 50 cm long and 1 m high. 
Light source: Fluorescent lamp, 40WX 100V (one). 
Medium: Urethane cotton. 

Water supply: Showered for 30 seconds every 2 hours 



In the process for producing silver-ionic water ac- 
cording to the second embodiment of the present inven- 
tion, the water to be used is first subjected to dexnineral- 
ization treatment in step a). In general, water such as 
50 city water and well water contains ionic substances 
including cataions such as Ca2+ ions, Mg2 + ions and 
Na + ions, and anions such as HCO~ ions, SC>4~ ions, 
CI~ tons and silica-colloidal organic acids. Thus, as will 
be also seen from its electric conductance which is 80 to 



and 30 minutes according to a ceiling shower system. 55 450 fto/cm 3 , components in water can not be uniform 
Seedling culture box: Made of plastics, provided with and no homogeneous water is obtainable. In order to 
drainage holes bored over the whole face of the bot- obtain stable and homogeneous silver-ionic water, it is 
torn. required to make uniform the components of water. For 

Seedling culture period: 4 days. example, it is necessary to pass water through ion-ex- 

For comparison, similar cultivation was carried out 60 change materials such as ion-exchange resins to de- 



with use of general city water (pH 7) and alkaline ionic 
water (pH 8; containing no silver-ionic water). The 
germination rate, yield, state of rot of roots were exam- 
ined for each group. Results obtained are shown in 
Table 10. 

From Table 10, the alkaline silver-ionic water is 
found to improve the germination rate and yield, and 
also lessen the rot of roots. 



65 



crease cations and anions to a certain level, thereby 
making uniform the components of water. Here, the 
water having been subjected to ion-decreasing treat- 
ment is desired to have an electric conductance of 30 to 
150 u,°/cm3, m ore preferably 40 to 80 u.w/cm 3 . The 
water having an electric conductance of less than 30 
ji, u /cm 3 after the ion-decreasing treatment may cause 
inconveniences such that necessary trace elements can 
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not reach the necessary amounts, and that, since an particles even if the silver ion concentration is in- 
organic carboxylic acid is added to facilitate the dec- creased. This is because the silver ion cocentration is 
trolysis, sourness may become strong if it is attempted controlled in the first electrolytic cell chamber, and the 
to obtain the desired EC value by increasing the amount water having thus been made silver-ionic is made more 
of the organic carboxylic acid. The water having an 5 stable in the second electrolytic cell chamber, 
electric conductance of more than 150 j^o/cm* after the The alkaline silver-ionic water thus obtained in 
ion-decreasing treatment may cause an inconvenience which Ag(OH) 2 - ions, CH3COO- ions, etc. have been 
™* £ at a 7 v ?*j V 8 + «» mate the water cloudy dissolved, is next led into a treatment bath in step (e), 
with formation of colloids, causing precipitation. where NaCI is added in a given amount. The NaCl 

To the water thus demineralized, an organic carbox- 10 added may react with the alkaline silver ions such as 
yhc acid is next added m step (b). As mentioned above, AgCOHfo- ions and CHjCOO- ions, whereby silver is 
removal of ions in water may cause a lowering of the converted into a soluble complex and the oH of the 
electric conductance, to make it difficult to smoothly water once falls to pH 3.8, and gradually rises until it 
proceed with the electrolysis if no countermeasure is reaches about pH 4.2. The mechanism of this reaction 
taken. Accordingly, an ionizing compound is required 15 has not been made clear in detail, but, it is presumed that 
to be added to increase the electric conductance of the complexes such as AgCHiCOO-. AeCh- AaCh2- 
water and to facilitate the electrolysis. In the process of eta are formed in the water and these are'stably dis- 
the present invention, an organic carboxylic acid, par- solved in it The amount of NaCl to be added in sten (e) 
ticularly preferably acetic acid, is used as this ionizing may be preferably 1 to 10% by weight based on the 
compound. The organic carboxylic acid, for example, 20 water. The amount less than 1% by weight may cause 
acetic acid, is ionized in water to give a carboxylic an inconvenience that clouding and precipitation due to 
group ion CHjCOO- and a hydroxyl group ion H+. AgCl may be caused to form colloid particles, and the 
These 10ns may not cause precipitation reaction for amount more than 10% by weight may cause an incon- 
«r r ^ 0n «J r ^ UCed by , ». *■ ?<*sequent venience that precipitation dueto an exce^ve^hSe 

step (c), and yet can act on the silver 10ns in the final 25 amount may be caused. 

step (e) to contribute the formation of a complex. Such The silver-ionic water thus obtained, which contains 
an organic carboxylic acid may be added to the ion- silver dissolved in the water in the form of complexes 
decreased water preferably m an amount of 0.01 to such as AgCH 3 COC— , AgCh- and AsCh*- etc 
wi>l.X^V nOSt . P referabl y ab °ut 006% b y ™* bardly cause the coaggdation or precipitation and 
^r£rj£!£ S * !Tn,.r u u ,u 3° be stably preserved for a long period of time. More- 

JX™ Jii^TiS US* Welght * of * e or ' over ' U was made dear that, although the monovalent 
game carboxylic acid to be added may cause an moon- . silver ions contained in the conventional silver-ionic 
r B r B SL?"S < r°"^ ns 1 for ^ el «folysis can be water is usuaUy unstable and may react by the action of 
S ™£ d^ty. *>* *e amount more light to cause halogenation, the silver-ionic water ob- 
* -Sir y We,ght ' ° f 0rga ™ c ^boxyhc acid to 35 mined according to the present invention may not cause 
be added may cause an inconvenience that the silver- any reaction at all even by irradiation of light, and can 
™ y h ? w .".« e,d , ,. be stably preserved for a long period of time Also, as 

™f.^* r '°,^K ^ fSnmc carboxylic acid has compared with the conventional silver-ionic water in 
l>een thus added is then led to step (c) and, under appli- which Ag+ ions, Ag(OHh- ions, etc. are dissolved, the 
cabon ofa voltage, passed through the first electrolytic 40 bacteriostatic action has been made stron«rT More 
cell chamber ^containing jin anode and a cathode and specificaUy, when, for example, the sflver-ionic water 
provided with silver on the anode, where silver ions are obtained in the prsent invention is administered in a 
dissolved out in the water. Subsequently, the water living body, it can be harmonized with the large quan- 
contaimng silver ions is led to the next step (d) and, tity of CI- ions in the extracellular fluid in the body 
under the application of a voltage, passed through the 45 along which it reaches target cell membranes or bac- 
second electolyoc cell chamber containing an anode teria while retaining the state of complex salts, thereby 
3 f^SrCand separated into an anode compartment bringing about a higher bacteriostatic action even with 
and the cathode 1 compartment with a diaphragm formed lower concentration. Also, the silver-ionic water ob- 
between both of said electrodes, and it is important that tained according to the present invention can have re- 
al leastthe ionic water passed through the cathode 50 markable effects against bacteria present under the 
compartment is led to tiie next step. In the water thus water content of about 30% in food, and can achieve an 
j™TV?« * 031111x16 compartment, Ag(OH) 2 - excellent bacteriostatic effect under the concentration 
'°° s >, " 3 S?°~ ions, etc. are presumed to have been quite harmless to human bodies. Still also, the silver- 
fTJZ ^^c^cbtamedfromtheHrstelectrolytic ionic water obtained according to the present invention 
cell chamber and containing silver 10ns may otherwise 55 contains the organic carboxylic acid, and/as the organic 
be passed simultaneously through both the anode com- carboxylic acid has an action to germinate sporular 

K^^?^ e T C °^ Partment ° f *^ S£ ^ nd eleC - bacteria ' 030 advantageously have the bacteriostatic 

trolytic cell chamber. In this instance, acidic sdver-ionic action on the sporular bacteria immediately after eermi- 

water such as Ag+ ionic water can be obtained from the nation. * S 

^L C ° m ^f tme ? t " ? owe . v f ■ ^hen it is unnecessary 60 In the apparatus for carrying out the process for 

to produce the water in which acidic ions such as Ag+ producing silver-ionic water according to the second 

have been dissolved, ordinary untreated water may be embodiment of the present invention; there may be 

lw™ . •? t compartment and flowed out of the formed at least a flow path in which the water is passed 

Z *rt T ?5 ? *? elec tr°lysis steps as mentioned from the ion-exchange chamber through the first mixing 

^^ ver, ? n concentration can be attained 65 bath, the first electrolytic cell chamber, the cathode 

by controlling the voltage, electric current and flow compartment of the second electrolytic cell chamber 

rate of water in the first electrolytic cell chamber. and we second mixing bath, and then S^mTES 

There also occurs no fonnation of colloids of silver ever, in an apparatus for simultaneously producing the 
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acidic silver-ionic water as mentioned above, there may the connecting pipe 28 is led to the above anode com- 
be also provided a flow path in which the water is partment 36. Lead-out pipes 38 and 39 are connected to 
passed from the ion-exchange chamber through the first the cover plate 33, of which the lead-out pipe 38 is led 
mixing bath, the first electrolytic cell chamber, and the to the cathode compartment 37 and the lead-out pipe 39 
anode compartment of the second electrolytic cell 5 is led to the anode compartment 36. The lead-out pipes 
chamber, and then flowed out. also, in an apparatus that 38 and 39 are provided with valves 40 and 41, respec- 
do not produce such acidic silver-ionic water, there tively. 

may be additionally provided a flow path in which the A second water pipe 42 is connected between the 
water is passed through the anode compartment of the valve 29 of the connecting pipe 27 and the bottom plate 
second electrolytic cell chamber and flowed out. As a 10 31 via a flowmeter 43 and a valve 44. A third water pipe 
matter of course, it is also possible to provide both of 45 is connected between the valve 30 of of the connect- 
these flow paths in one apparatus. ing pipe 28 and the bottom plate 31 via a flowmeter 46 

FIG. 2 illustrates an example of the apparatus for and a valve 47. 
producing silver-ionic water according to the second On the other hand, a second mixing bath 15 used for 
embodiment of the present invention. 15 adding NaCl is provided at a lower portion of the outlet 

This apparatus chiefly comprises an ion-exchange 48 of the lead-out pipe 38, and another lead-out pipe 49 
chamber 11, a first mixing bath 12, a first electrolytic is connected to a lower part of the second mixing bath, 
cell chamber 13, a second electrolytic cell chamber 14, on the way of which is provided a valve 50. To the 
and a second mixing bath 15. second mixing bath 15, an NaCl-feedmg pipe 52 extends 

In this apparatus, a first water pipe 16 is connected to 20 from an NaCl solution tank 51 via a measuring pump 53 
the ion-exchange chamber via a flowmeter 17 on the provided on the way of the pipe, 
way of the pipe. The ion-exchange chamber 11 com- To obtain silver-ionic water by use of this apparatus, 
prises an anion-exchange compartment 11* and a ca- water is led to the ion-exchange chamber 11 through 
tion-exchange compartment lift in the insides of which the first water pipe 16, where anions and cations present 
anio-exchange resins and cation-exchange resins are 25 in the water is removed to a give value and the electric 
filled, respectively conductance in the water is made to be 30 to 150 

This ion-exchange chamber 11 is connected to the fiV/cmK The water demineralized in this manner is 
first mixing bath 12 by means of the first water pipe 16, flowed out from the ion-exchange chamber to the first 
on the way of which there is provided an EC (electric water pipe 16 and flowed into the first rmxmg batfr 12 
conductance) control detector 18. To the first inixing 30 while being midway controlled by the EC control de- 
bath 12, an acetic acid-leading pipe 20 is extended from tector 18 to see whether or not the electric conductance 

- an acetic acid solution tank 19 via a measuring pump 21 is in a given value. To the first mixing bath 12, a prede- 
^ on the way of the pipe. The first mixing bath 12 is fur- termined amount of acetic acid is added throu^i the 
x ther connected to the first electrolytic cell chamber 13 acetic acid-feeding pipe from the acetic acid solution 

through the first water pipe 16, on the way of which 35 tank 19, and mixed into the water m the concentration 
there is provided another EC control detector 18. of 0.01 to 0.4% by weight The water to which the 

The first electrolytic cell chamber 13 is enclosed by a acetic acid has been added in this manner is led to the 
-bottom plate 22 comprising a non-conductive material, first electrolytic ceU chamber 13 through the first water 
; a cathode plate 23 surrounding the outer periphery and pipe 16, while being midway controlled by the EC 

- - made of stainless steel or the like, and a cover plate 24 40 control detector 18 to see whether or not the electric 
™ made of a non-conductive material. Through the cover conductance is in a given value. 

-~ plate 24, an anode rod 25 is inserted in the manner that Here, to also simultaneously obtain acidic silver-ionic 

- the lower end portion thereof may be inward extended. water by use of this apparatus, valves 29, 30, 40 and 41 
Also, the anode rod 25 is provided with silver or silver may be opened and valves 44 and 47 may be closed, so 
alloy 26. To the cover plate 24, connecting pipes 27 and 45 that water is fed from the first water-feeding pipe 16. 
28 are connected so that the water in the first electro- The water thus fed from the first water-feeding pipe 16 
lytic cell chamber 13 can be led out of it The connect- is led into the first electrolytic cell chamber 13, where 
ing pipe 27 is provided with a valve 29 and the connect- silver ions are formed. Then, part of the water contain- 
ing pipe 28 is provided with a valve 30. ing silver ions is led into the anode compartment 36 of 

On me other hand, the second electrolytic cell cham- 50 the second electrolytic cell chamber 14 through the 
ber 14 is enclosed by a bottom plate 31 made of a non- connecting pipe 28, and taken out from the lead-out 
conductive material, a cathode plate 32 surrounding the pipe 39 in the form of acidic sUver-iomc (e.g. Ag+) 
outer periphery and made of stainless steel or the like, water formed in the anode compartment 36 and having 
and a cover plate 33 made of a non-conductive material. an electric conductance of 100 to 2000 u-U/cm 3 . At the 
To the cover plate 33, an anode plate 34 is fixed in the 55 same time therewith, remaining part of the water con- 
manner that it may be inward extended. In the inside of taming silver ions is led into the cathode compartment 
the second electrolytic cell chamber 14, a cylindrical 37 of the second electrolytic cell chamber 14 through 
diaphragm 35 is arranged so as to surround the anode the connecting pipe 27, and taken out from the lead-out 
plate 34, which diaphragm 35 partitions an anode com- pipe 38 in the form of alkaline silver-iomc water in 
partment 36 and a cathode compartment 37. The dia- 60 which Ag(OH>2~ ions, CH3COO- ions, etc. are dis- 
phragm 35 has properties that it allows cations to pass solved in the cathode compartment 37. 
from the anode compartment 36 to the cathode com- In connection with this, in the case the flow rate of 
partment 37 and allows anions to pass from the cathode water flowing through the first electrolytic cell cham- 
compartment 37 to the anode compartment 36, to pre- ber 13 was made to be 4.5 lit/min, the relationship be- 
vent reverse flowing of them. 65 tween the electric power consumption and the stiver 

The aforesaid connecting pipes 27 and 28 are con- ion concentration in the first electrolytic cell chamber 
nected to the bottom plate 31, of which the connecting 13 is shown in Table 11. Also, the relationship between 
pipe 28 is led to the above cathode compartment 37 and the voltage and electric current in the second electro- 
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lytic cell chamber, the flow rate of the water flowing in 
the cathode compartment 37 of the second electrolytic 
cell chamber 14, and the pH of the water taken out from 
the cathode compartment 37 of the second electrolytic 
cell chamber 14 is shown in Table 12. 

TABLE 11 



18 



Electric power consumption Silver 


ion concentration 




9.4 W 


1.000 ppb 




36.0 W 


1,940 ppb 


10 


TABLE 12 


Flow rate 






pH value (Iit/min) Voltage 


Electric current 


- 15 


3.8 4.6 100 V 


10 A 





The water in which Ag(OH>2~ ions, CH3COO- 
ions, etc. are dissolved in the cathode compartment 38 is 
flowed into the second mixing bath 15. On the other 20 
hand, a predetermined amount of NaCl is flowed there- 
into from the NaCl solution tank 51 through the NaCl- 
feeding pipe 52. Accordingly, the above water is mixed 
with 0.01 to 0.4% by weight of Nad in the second 
mixing bath 51, where Na+ ions, CI- ions and so forth 25 
react with Ag(OH>2- ions, CH3COO- ions and so 
forth in the water to form complexes such as AgCH- 
3COO-, AgCfc-, AgCh 2 - and so forth. Along with 
this course, the pH of the water once falls to pH 3.8, and 
gradually rises until it reaches about pH 4.2. After silver 30 
complexes was formed in this manner, the valve 50 may 
be opened to take out desired silver-ionic water from 
the lead-out pipe 49. 

TEST EXAMPLE 2 35 
Using the above apparatus according to the second 
embodiment of the present invention, acidic silver-ionic 
water each having the pH of 4.2 and a silver ion concen- 
tration of 30 ppb, 100 ppb, 500 ppb, 2,000 ppb and 1 ppm M 
was prepared. Thereafter, a platinum loop each of Esch- 
erichia coli and Staphylococcus (concentration: 
lOVcm 3 ) was inoculated into each solution, followed 
by addition of a 0.1% broth, and the movements (viable 
cell counts) of the bacteria were observed with time A - 
lapse while culturing them at 35° C. As a result, the 
viable cell counts on Escherichia coli were as shown in 
Table 13. 

As to Staphylococcus, the state of growth thereof 
was observed based on the turbidity of the solutions to 5fl 
obtain the results as shown in Table 14. Thus, the acidic 
silver-ionic water was found to have a remarkable bac- 
teriostatic action. 

The Escherichia coli and Staphylococcus used in the 
above were further cultured to repeat experiments simi- 55 
lar to the above several times, but there appeared no 
bacteria resistant to silver ions, showing the same bacte- 
riostatic action as in the first instance. Thus, there is a 
feature that the appearance of resistant bacteria, which 
has been very usual in using conventional medicaments, go 
is not seen at all in using this silver ions. 

TABLE 13 

. Silver ion concentration 

Contact 500 \ 

time Control 0 30 ppb 100 ppb ppb 2000 ppb ppm 65 





Silver ion concentration 




Contact 




500 




1 


time 


Control 0 30 ppb 100 ppb 


ppb 


2000 ppb ppm 


6 hrs 


55000 0 0 


0 


0 


0 


24 hrs 


19000000 0 0 


0 


0 


0 


48 hrs 


80000000 0 0 


0 


0 


0 


TABLE 14 




100 


500 


2000 




Contact ti 


me Control 30 ppb ppb 


ppb 


ppb 


! ppm 


24 hrs 










48 hrs 


+ + - 








72 hrs 











Subsequently, using the silver-ionic water, tomatos 

were cultivated according to hydroponics under the 

following conditions: 

Kind of tomato: Ponderozer 

Cultivation room: In a glass room not heated. 

Medium: Rock wool; culture solution circulation sys- 
tem. 

Culture solution: An aqueous solution obtained by dilut- 
ing "Bioaqua" (trademark; available from Sanraiku 
K.K. to 1/3000 with purified water. 

Silver-ionic water: An aqueous solution of pH 3 diluted 
to 1/2000. Water was fed for 10 minutes every two 
hours in twenty-four hours. 

Those cultivated without using the silver-ionic water 
were used as a control. Properties of the both culture 
solutions are shown in Table 15. The number of mature 
berries, average days for maturation, and longest term 
for maturation of the tomatos cultivated by use of both 
the culture solutions are shown in Table 16. 

Thus, it is seen that the maturation of tomatos is pro- 
moted by the acidic silver-ionic water obtained by the 
process according to the present invention. 

TABLE 15 





Purified water + 


Silver-ionic water + 


Properties 


Bioaqua 




Bioaqua 


PH 


7.19 




6 J 


EC 


0.46 




0.64 




342 




638 


DO 


9.1 




21.0 


TABLE 16 




Number of 


Average 


Longest 


Planted 


days for 


term for 


mature 


maturation maturation 


(April 5th) 


berries 


(day) 


(day) 


Purified water + 


44 


58.5 


73 


Bioaqua; 






diluted to 








1/1500 








Silver-ionic water 


+ 57 


50,1 


54 


Bioaqua; 






diluted to 








1/2000 









10 rain 
2 hrs 
4 hrs 



2000 160 
3500 40 
20000 10 



100 
20 
0 



Further, to know the bactericidal effect of the silver- 
ionic water obtained according to the production pro- 
cess of the present invention, a spore test was carried 
out in the following manner: after heated for 10 minutes 
using hot water of 90* C, 0.06% by weight of acetic 
acid was added to silver-ionic water on the anode side 
of an electrolyte, and the mixture was added to R Ce- 
reus detected from buckwheet flour, which was then 
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cultured in a YCC broth at 37* C for 24 hours before 
the germination was recognized. Similar cultivation 
was also carried out in respect of B. subtilis (a spore 
suspension available from Daiichi Kagaku Yakuhin 
K.K.). To know bactericidal effect without heating 5 
after the above germination was recognized, silver- 
iconic water having a silver ion concentration of 100 
ppb and 1 ppm each, obtained by the production pro- 
cess according to the second embodiment of the present 
invention, was added to, and brought into contact with, 10 
the broth having bacterial concentration of 10 s to 10 6 
bacteria/ml, and thereafter the viable cell counts were 
examined. Results obtained are shown in Table 17. 

Thus, the silver-ionic water obtained by the produc- 
tion process according to the present invention was 15 
found to have a remarkable bace tricidal action against B 
cents and B* subtilis. 

TABLE 17 





Silver ic 


n concentration 




Tested bacteria 


100 ppb 


500 ppb 


1 ppm 


B, subtilus 


103 


15 


0 


B. cereus 


10* 


0 


0 



20 



Still further, to know the bactericidal effect against 2 5 
thermal resistant bacteria, of the silver-ionic water ob- 
tained by the production process of the present inven- 
tion, tests were carried out in the following manner: 
First, into a powdery material comprising 30% of buck- 
wheat flour and 70% of wheat four, 30% of additive 30 
>■" water (well water) was poured to prepare soba (buck- 
wheat). Using various kinds of silver-ionic water as 
-- water for boiling, the buckwheat was boiled at 100° C. 
- for 3 minutes, and the bactericidal effect against A 
cereus cultivated at 37° C. for 24 hours was examined. 
As a result, as shown in Table 18, the silver-ionic water 
according to the present invention showed most re- 
markable effects. 
" As described in the foregoing, according to the sec- 
ond embodiment of the present invention, water is be- 
rrforehand subjected to a demineralization treatment; and 
^ organic carboxylic acid is added thereto; thereafter 
-vl silver ions are dissolved out in the first electrolytic cell 
"chamber, which is led to the cathode compartment of 
the second electrolytic cell chamber; NaCl is further 45 
added thereto; whereby water soluble silver ion com- 
plexes can be formed. Accordingly, it is possible to 
readily produce silver-ionic water that can stably retain 
the solubilized state for a long period of time and can 
show strong effect on the intended action with lower 
concentration. 

TABLE 18 



Water for 
boiling 



Silver ioo concentration 

200 ppb 500 ppb 1 ppm 



Alkaline silver-ionic 8.2 X 10 s 2.1 X 10 4 
water + COOH 

Acidic silver-ionic 5.7 X 10 6 4.1 x 10 s 

water + COOH ■ 

Alkaline sflver-ionic 3.1 X IO 4 2,1 X 10 3 

water + COOH + NaCl . . 

Acidic silver-ionic 6.2 X 10 5 3.2 X 10 4 
water + COOH + NaCl 

Control (well water) 5.6 X 10 7 



1.8 X 10* 
1.1 X 10* 
60 

4J X 103 



What is claimed is: 

1. A process for producing silver-ionic water, com- 65 
prising; 

a step of passing weter through a first electrolytic cell 
chamber containing an anode and a cathode and 



provided with silver on the anode, under the appli- 
cation of a voltage, to dissolve out silver ions; and 
a step of passing the water in which said silver ions 
have been dissolved out, through either one or 
both of an anode compartment and a cathode com- 
partment of a second electrolytic cell chamber 
containing an anode and a cathode and separated 
into said anode compartment and said cathode 
compartment with a disphragm formed between 
both of said electrodes; 
said disphragm allowing cations to pass from the 
anode compartment to the cathode compartment 
and allowing anionic ions to pass from the cathode 
compartment to the anode compartment, whereby 
the water passed from the first electrolytic cell 
chamber through the anode compartment of the 
second electrolytic cell chamber turns to acidic 
silver-ionic water and the water passed from the 
first electrolytic cell chamber through the cathode 
compartment of the second electrolytic cell cham- 
ber turns to alkaline silver-ionic water. 

2. The process according to claim 1, wherein said 
acidic silver-ionic water has the pH of 5 or less and an 
electric conductance of 350 to 2000 n. /cm 3 and said 
alkaline silver-ionic water has the pH of 8 or more. 

3. An apparatus for producing silverionic water, 
comprising; 

a first electrolytic cell chamber containing an anode 
and a cathode and provided with silver on the 
anode, 

a second electrolytic cell chamber containing an 
anode and a cathode and separated into an anode 
compartment and a cathode compartment with a 
diaphragm formed between both of said electrodes; 
a least one of a flow path in which water is passed 
from said first electrolytic cell chamber through 
anode compartment of said second electrolytic cell 
chamber and flowed out, and a flow path in which 
water is passed from said first electrolytic cell 
chamber through the cathode compartment of said 
second electrolytic cell chamber and flowed out; 
said diaphragm allowing cations to pass from the 
anode compartment to the cathode compartment 
and allowing anionic ions to pass from the cathode 
compartment to the anode compartment, whereby 
the water passed from the first electrolytic cell 
chamber through the anode compartment of the 
second electrolytic cell chamber turns to acidic 
silver-ionic water and the water passed from the 
first electrolytic cell chamber through the cathode 
compartment of the second electrolytic cell cham- 
ber turns to alkaline silver-ionic water. 

4. The apparatus according to claim 3, wherein said 
55 apparatus further comprises a flow path in which the 

water is directly passed though said anode compart- 
ment of the second electrolytic cell chamber and 
flowed out, and another flow path in which the water is 
directly passed through said cathode compartment of 
60 the second electrolytic cell chamber and flowed out. 

5. A process for producing silver-ionic water, com- 
prising; 

(a) subjecting water to a demineralizing treatment to 
decrease ionic substances in the water, 

(b) adding an organic carboxylic acid to the ion- 
decreased water; 

(c) passing the water to which the organic carboxylic 
acid has been added, through a first electrolytic 
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40 



50 
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cell chamber containing an anode and a cathode 
and provided with silver on the anode, under the 
application of a voltage, to dissolve, out silver ions; 

(d) passing under the application of a directcurrent 
voltage the water in which said silver ions have 
been dissolved out, through at least a cathode com- 
partment side of a second electrolytic cell chamber 
containing an anode and a cathode and separated 
into an anode compartment and the cathode com- 
partment with a diaphragm formed between both 
of said electrodes; and 

(e) adding sodium chloride to the water having been 
passed through said cathode compartment so that 
silver may be present in the water as a soluble 
complex; 

said diaphragm allowing cations to pass from the 
anode compartment to the cathode compartment 
and allowing anionic ions to pass from the cathode 
compartment to the anode compartment, whereby 
the water passed from the first electrolytic cell 
chamber through the anode compartment of the 
second electrolytic cell chamber turns to acidic 
silverionic water and the water passed from the 
first electrolytic cell chamber through the cathode 
compartment of the second electrolytic cell cham- 
ber turns to alkaline silver-ionic water. 

6. The process according to claim 5, wherein said 
water in step (a) is demineralized to have an electric 30 
conductance of 30 to ISO fi»/cm 3 . 

7. The process according to claim 5, wherein said 
organic carboxylic acid is acetic acid. 

8. The process according to claim 5, wherein said 
carboxylic acid is added in an amount of 0.01 to 0.4% by 35 
weight based on said water in step (b). 

9. The process according to claim 5, wherein said 
sodium chloride is added in an amount of 1 to 10% by 
weight based on said water in step (e). 

10. An apparatus for producing silver-ionic water, 
comprising; 

an ion exchange chamber filled with an ion exchange 
material; 

a first mixing bath having an organic carboxylic acid 45 



22 



10 



15 
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a first electrolytic cell chamber containing an anode 
and a cathode and provided with silver on the 
anode; 

a second electrolytic cell chamber having an anode 
and a cathode and separated into an anode com- 
partment and a cathode compartment with a dia- 
phragm formed between both of said electrodes; 
and 

a second mixing bath having sodium chloride feeding 
means; 

in such a juxtaposition that a water-feeding pipe is 
connected to an inlet of the ion exchange chamber, 
an outlet of the ion exchange chamber is connected 
to an inlet of the first mixing bath, an outlet of the 
first mixing bath is connected to an inlet of the first 
electrolytic cell chamber, an outlet of the first elec- 
trolytic cell chamber is separately connected to the 
anode compartment and cathode compartment of 
the second electrolytic cell chamber, the cathode 
compartment of the second electrolytic cell cham- 
ber is connected to the second mixing bath, a pipe 
for feeding additional water is connected to the 
flow path connecting the first electrolytic cell 
chamber and the anode compartment in the second 
electrolytic cell chamber, and a valve is provided 
for selectively flowing the water passed through 
the first electrolytic cell chamber or the additional 
water, into the anode compartment of the second 
electrolytic cell chamber, to form a flow path in 
which water is flowed out after being passed from 
said ion exchange chamber through said first mix- 
ing bath, said first electrolytic cell chamber, the 
cathode compartment of said second electrolytic 
cell chamber and said second mixing bath; 

said diaphragm allowing cations to pass from the 
anode compartment to the cathode compartment 
and allowing anionic ions to pass from the cathode 
compartment to the anode compartment, whereby 
the water passed from the first electrolytic cell 
chamber through the anode compartment of the 
second electrolytic cell chamber turns to acidic 
silver-ionic water and the water passed from the 
first electrolytic cell chamber through the cathode 
compartment of the second electrolytic cell cham- 
ber turns to alkaline silver-ionic water. 
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Development of Ready to Use Antiseptic Dressings— Part I : 
Development of Surgical Gauze and Absorbent Cotton by 
Using In Vitro Laboratory Evaluation Metbods. 



ABSTRACT 

Surgical gauxe and absorbent cotton treated 
w i s h a combination of — — 1 1 > • 



cWoride (Acinol CDAf^ and 'ammoniaeal tUver 
cntonde haw hem found to possess good 
antibacterial activity against sT aureus, 

W ^WS' , Ser «i*: py«s«»<w. con, s. aibus, 

B. subtilis, Smfai. typhi, and Strept. faecal! * It 
retains Us antibacterial activity for atleast one 
y*ar. Tko colour of the gauxe is not affected by 
treatment. It does not irritate shut or produce 
nnteward effects on artificially produced wounds in 



jLlJF&iP § aux *. treated trith silver citrate 
b^Ua?aJ*£" OSta * ! ***** hM W "° 



Intro duct ion 

, T ^ e WQr ^ was undertaken to produce sterile, 
antwcptxc surgical dressing* suitable for medical use! 
Such draftings could offer ready protection to human 
wounds in field * areas where proper facilities for 
treatment arc usually lacking and in hospital 
outdoors. *" 

Commercially available Field and Shell 
dressings, at present used by services are treated 
with low concentration of acrifiavine. The** 
dreamy and surgical gauze given a treatment with 
proflavine have been tested for antibacterial uroocrtv 
m the present study. Based on itetSSZ 
literature that ainmomacal silver nitrate, silver 
ggy..* 8 **? .. I9 ff a „c«yl dimethyl benzyl 




powesa good antibacterial activity, attempts have 
been made m the present investigation to prepare 



G. C. SRIVASTAVA, S. K. DIGHE & 
A. GHOSE 

Jiwaji Research Laboratory, 
Dett, O. a. L. («)> CufaHor. 

sterile, antiseptic surgical dressings by impregnation 
of surgical .gauze and absorbent cotton with such 
anubactenal compounds. Use of antibiotics has 
purposely been avoided for their skin sensitizadon 
possibility and their poor storage qualities. 

Material and methods 

Treatments that were given to surgical gauze 
for imparting the desired property are mentioned 
below In each case 10 gm of gauze was thoroughly 

Sand a U .°dri J ed!' aqUeOU5 



1. 
2. 

3. 

4. 

5. 



1% Acinol COMB 100 in water 
0.4% Ammoniaeal silver chloride 
0.4% Ammoniaeal silver chloride alonzwith 
1% Acinol CDMB 100 

0,8% Ajamoniacal^lvcr chloride alongwith 
1% Acinol CDMB 100 

1.6% Ammoniaeal silver chloride alongwith 
1% Acinol CDMB 100 

2.4% Ammoniaeal silver chloride alongwith 
1% Acinol CDMB 100 
0.5% Sflver citrate 
0.5% proflavine 

dressing?° Wing ' treatm * ttt givea *° cotCon 



7. 
8. 



(A) 



A of 0.4% ammoniaeal silver chloride 

and 1 % Acmol CDMB 100 in water was applied 
by afines pray on the surface of sterilized cotton 
pads and allowed to dry in air. Cotton pads 
thos obtained were wrapped in treated gauze 
(treatment 3) and packed in brown paper bass. 
J™** and heated in a drying oven at 160*8 
for 1 hour. These brown paper bags, contain* 

b^^eaitd < ! TC89in6 ? ,, WW pUt * V° l 7 the ™ 
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Surgical gauze given treatment 3 was also kept 
in artificial perspiration solution for 72 hours, air 
dried .and its antibacterial activity studied on 
agar plate. The composition of artificial perspiration 
solution used was as follows : 



Urea — 0.071% 
NaCl~» 0.50% 



Adjusted to pH 3.8 



To find out the resistance of the and- 
bacteria] property to washing gauze given treatment 
3 was scrubbed well in soap solution, washed under 
tap water and air dried. 

Details of bacteriological studies carried out 
with the test samples are described below:- 

Organisms used : in the study are (I) Staphylococcus 
aureus, (2) Staphylococcus altos, (3) Streptococcus faccalis* 
(4) Streptococcus pyogenes (5)Bacillus subhUs (6) Escherichia 
coli, (7) Pseadomorus pyocyanea^ (8) Salmonella typhi; 

Nutrient medium and nutrient agar ; were prepared 
by the method specified in B. P. 1963. 

Preparation of culture suspension/ plate 

Culture suspension of the test organism was 
prepared b^ inoculating aloopful of* the growth 
from a nutrient agar slant into 10 nil of sterile 
nutrient medium in a test tube. This was incubated 
at 37*C for 24 hours(IC). 0.2 ml of this culture 
suspension was inoculated into 25 ml of molten 
nutrient agar in petri dishes and allowed to cool 
and solidify (SC). 

Antibacterial activity 

Four small pieces of the treated gauze sample* 
to be tested, were moistened with sterile water and 
placed equidistantly in each petri dish (SG). These 
plates were then incubated at 37°G for 24 hours and 
zones of inhibition examined visually at the end of 
' that period and* their antibacterial activity assessed. 

Counting of organisms in a culture suspension 

An unknown bacterial concentration contained 
in 1 ml of culture suspension (tC) was transferred to 
a conical flask containing 40 ml sterile nutrient 
medium. 1 ml of this diluted culture suspension was 
withdrawn and serially diluted to 10 ml in 9 ml of 
water contained in each one of a series of ten test 
tubes. One ml of suspension from each of these 
serial dilutions Were transferred respectively to test 
tubes each containing 20 ml of nutrient agar main* 
tained at 45»50°C. Suspension was thoroughly mixed 
with imtrieht agar and poured serially into petti 
dishes and allowed to set. After incubation of these 
petri dishes at S7°G for 24 hours a suitable dish was 
picked up and its number of separate colonies 



counted. Assuming that a single bacterium gave rise 
to one colony, the number of organisms in the original 
bacterial suspension was calculated. 

Bactericidal activity 

One g of the treated gauze, to be tested, was 
dipped in culture suspension of known bacterial count 
in conical -flask, the contents stirred thoroughly and 
allowed to stand. At intervals of SO minutes, 1, 2, 
4 and 24 hours, 0.2 ml of the solution was withdrawn 
and added to 10 ml of nutrient medium contained 
in a test tube. In each case, three replicates were 
run. Controls were run simultaneously with untrea- 
ted sterile gauze. The tubes were incubated at 37°G 
for eight days and bacterial growth was observed 
visually. Bactericidal activity has been claimed only 
when all the control tubes showed heavy bacterial 
growth while the experimental cubes showing none 
at the end of eight days* 

Sterility test : The test of sterility of the gauze and 
cotton pads was done according to B. P. C. 1965 and 
B. P. 1963. 

SMn irritation test : was carried out according to the 
method of Rao et al„ 1967. 

Result* and discussion 

Table 1 gives the results of the antibacterial 
activity of different materials tested. It shows that 
acriflavine in Field and Shell dressings had no 
antibacterial action against the microorganisms tried. 
Proflavine treated surgical gauze (treatment 8) 
showed good antibacterial action agaist StrepL pyo- 
genes, S. olbus and B. subtilis, but it bad no activity 
against aureus, P. pyocyanea, E. coli and Satnu typhi. 
The ineffectiveness of proflavine, an imported com* 
pound, against four out of seven test organisms, in 
addition to the fact that S. aureus and P. pyocyenea 
are important in wound infection (Sykes 1965 b) 
greatly limits the use of proflavine in the field of 
antiseptic surgical dressings. 

Surgical gauze treated with one percent Acinol 
showed very good antibacterial ac tion against Strepi* 
pyo&<***$ <?» <2"*r, subtilis, S. aureus. Its antibacte- 
rial activity, however, was poor against £ coli and 
Salm* typhi and it was inactive against f\ pyocyanea. 

In our search for antiseptic activity against 
P* py*cy*nea t treatment of surgical gauze with 0.4% 
ammoniacal solution of silver chloride in water 
(treatment 2) has been found effective in imparting 
good antibacterial activity against P. pyocyanea. 

Surgical gauze treated with a mixture of 0.4% 
ammoniacal silver chloride solution and 1% Acinol 
CDMB 100 in water- (treatment 3) had good and- 
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TABLE I 



Antibacterial activity <rf treat*! gauze, cotton and field -and shell dressing 



Treatment No. 



A* 



I 



B* 



D* 



E* 



F* 



i • 

2 
3 
4 
. 5 
6 
7 

8 . 

Cotton pads 
Field & shell 
dressings 



H* 



+++ 


Nil to -fa 


+ +-f~4- 


-t- 






+++ 


± 


+ 


+ 


+++ 


++ 


++++ 




+ -H 


+++ 


++ 


++ + + 


++ 


++ 


+++ 


++ 


+++ + 


++ 


++ 


+++ 


• +++ 


+ ++ + 


++ 


+■+ + 


+++ 


+++-(- 




+++ 


++ + 


Nil 


Nil 




Nil 


Nil 


+++. 


+ 


+ + 


++ 


++ 


Nil 


Nil 


Nil 


Nil 


Nil 



++++ 
+ 

++++ 
++++ 
+++4- 

+4--t-h 
++++ 
++++ 
+4"f- 

Nil 



+++ Not done 

+ — do— 
+++ + 
+++ +- 
+++ + • 
+ +■+ ++. 
4-+4-4- + 4- 

+++ Not done 
+ + + 

* Not done 



A* = Staph, aureus; B* - F. pyocyanea; C* Strept. pyogenes; 
F* — S. albas; G* =- B. subtilis; H* _ Strept. faecalis. 
Antibacterial activity : 4-4- +. +. « very good; 4- ++ - good; ++ = 



D* = B. coft; £ =, Salm. typhi; 
fair; 4- — poor; ±=very poor. 



TABLE 2 



Bactericidal activity of two of the treated samples of surgical gauze 



Microorganisms 
studied 


App: 
.bacterial 
count/mi 
of medium 
(oat of a 
total Vol. 
of 40 ml) 


Bacterial growth after incubation for 8 days at 37"G 


Sample after treamcnt 3 


Sample after treatment 7 


Untreated control ' 


mm. zomm. 
contact J Contact 
with plain with scrum 
media ] media 


60 mlxie 
contact 
with scrum 
media 


2Yfars. : 24 trie 
contact f contact 
with plain 1 with sermu 
media j media 


24hrss 
contact 
with plain 
media 


24 far*, 
contact 
with serum 
media 



Staph. 
P. frfocyenta 
Stttpt. gyogtna 
E. colt 
Salm. typhi 
Staph, albus 
B. subtilis 
Strept, fatealii 



8x10" 
5xl0« 
5X10' 
13X10' 
5x10" 
2x10* 
6x16' 
4xl0« 



4- 
4- 
4- 
+ 
+ 
+ 
+ 
+ 



+ 

+ 

+ 
+ 
4- 
+ 



+ 

+ 

4- 

+ • 

4- 

-f 

+ 

+ 



+ 
+ 

+ 
+ 
+ 

+ 
+ 



- In all cases, the saznpl 
for 30 miii., 1 hour, 2 hours, %\ 



ie and nutrient medium containing bacterial cultures were kept in contact 
hoots and 2* hours. r 



7 . — , «. inwo, 1 MUUU BOH « UUU19. 

• th ^ ^S? pIc J> r f^ ln § fo f 2» 4 24 Hours have not been recorded, because there was no growth 
» these periods. On the other hand observations for 30 mix),, 1, 2 and 4 haua in «m D le 7 and lorn™! 

ind&edT emi£ted ^ «*» 24 *»» « f with treatn^ft L^SS 

( + ) indicates growth of organisms ; ( — ) shows no growth 
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TABLE! 

Sterility tests on treated gauze sample 



Days of 
incuba- 
tion 



Sample 3 (tested within ! Sample 3 (tested after I Sample 7 (tested within 
7 days of preparation) 1 year of preparation) j 7 days of preparation) 



No. of con- 
taminated 
aerobic 
tubes 



No* of con« 
tamiaatcd 
anaerobic 
tubes 



No-ofeon- 1 No, of con- \ No. of con- 



taminated \ laminated 
aerobic j ' anaerobic 



tubes 



I 



tubes 



ta rain a fced 
aerobic 
tubes 



No* of con- 
taminated 
anaerobic 
tubes 



Control 



No. of con- 
taminated 
aerobic 
tubes 



No. of con- 
taminated 
anaerobic 
tubes 



1 

2 
3 
4 
5 
6 
7 
8 



None 



None 



»» 

99 
99 
99 
99 
99 



99 
19 
( 99 
** 
S9 
1* 
99 



None 

99 
19 
99 
99 
99 
99 
19 



None 
»■ 

99 

2 
2 
2 
2 
2 



5 
6 
7 

7. 
7 
7 
7 
7 



10 
10 

1Q 
10 
10 
10 
10 
10 



None 



None 



99 
19 



99 
99 
99 



99 
99 
>9 
99 
99 
99 
99 



In each case there were ten aerobic and ten anaerobic tubes. 
The test samples were wrapped in brown paper and stored in a dark 
sterilked by heat treatment or by autoclaving. 



place. . They were not 



TABLE 4 

Stability of bacteriostatic property of gauze having treatment 3 



Sample treated with 



S. aur. 



B, subt, j S. albus. 



5. pyo- 
genes 



M — u 



E. coll P, pyo* S* typhi 



S. faec 



No washing 


44 


+44- 


4 + 4- 


+ + + 


++ 


4 4- 


4 + 


4-4 


One washing 


4- 


+ 44* 


+ + 


++ 


4-4 


+ 


4 


sb 


'Three washing 


4- 


4-4 + 


+ + 


++ 


' +.+ 


+ 






five washing .' 




44 


+ + 


++ 


•<- + 








Ten washing 




++ 


+ 


+ 


+ 








Heated at IS0 C G 


++ 


+ + 4 


+4-+ 


+ 4+ 


+ + 


++ 


4-4- 


+4- 


Autoclave 


4-4 


+ 44- 


+ ++ 


+ + + 


4-+ 


+ + 


44- 


4-+ • 


Tested after 5 months 


+++ 


+ 4- 


+++ 


+ 44 


4-+ 


4 1 • 


4 


4- • 


Tested after 7 mouths 


++ 


++ + 


+ + + 


+4-+ 


4- + 


4 


+ 


+ . ' 


Tested after 1 year 


4-4 


+4 + 


4-4- 4- 


+ + + 


• i 

TT 


4 


+ 


4 


Dipped in artificial perspiration 














• 


solution for 70 hours.. 




+ + 


+ + 


++ 


+ + 









A^bacterial activity : ^ + + — good; + + — fair; + - poor, =£' = very poor; — »* nil. 

For details see text. 
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bacterial property against *S*, fiyog***s 9 albus t 
B. subtiHs, S. aureus, En coli, gyoeyaiua, Salm. typhi 
and StrcpLf&ecalis, 

Increase in the concentration of ammouiacal 
silver chloride solution in a combination with 1% 
Acinol (treatment 4 and 5) did not show an appre- 
ciable improvement in antibacterial activity. The 
antibacterial property however was definitely im- 
proved when 2.4% ammoniaeal silver chloride was 
used alongwith 1% Acinol {treatment 6). From the 
point of view of lower cost and probable toxicity 
sample 3 was considered to be the best. Cotton 
pads treated by method (A) showed aatis&ctory 
antibacterial action needed for a wound dressing 
(Table 1); * 

Surgical gauze treated with 0.5% silver citrate 
(treatment 7) showed very good antibacterial activity 
against the organisms studied (Table 1). The anti- 
bacterial activity as shown on agar plate was better 
than that of sample 3. 

Ammoniaeal silver chloride or silver citrate 
treated nine for cotton) retained their original 
colour when packed in brown or black paper bags. 

Surgical gauze samples with treatments 3 and 7 
were subjected to study of bactericidal activity. The 
results presented in Table 2 show that treatment 3 
was strongly bactericidal in plain media or in a 
media mixed with horse serum while treatment 7 
had completely failed to show any bactericidal 
activity in both the media. 

Sterility test during storage was performed with 
samples 3 and 7 stored in unsealed brown paper 
wrappings. It will be observed in Table 3 that 
sample 3 vw sterile under ordinary packing condition 
even after one year. Sample 7 did not maintain 
sterility even for 7 days. 



Thus from the point of view of bactericidal 
property and sterility to cotton material and its 
ultimate use' in ready-td-use antiseptic dressings, 
treatment 3 is considered superior to treatment 7. 

Stability of the antibacterial property in 
samples given treatment 3 waa studied in greater 
detail(Table 4). It can be seen from the table that 
heating at 160°C £at 1 hour or autoclaving at 15 lb 
pressure for 20 minutes, did not reduce the anti- 
bacterial, action. Autoclaving however, brought 
a deterioration in colour (the colour became blaklsh), 
whereas dry heating at 160PC in brown paper 
packets did not change the colour. Storing upto 
one year at room temperature in loose unsealed 
paper packing did not change the antibacterial 
action except for minor reduction in activity against 
P< pyocyansa and S.fypM. When the sample , was 
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dipped in artificial sweat for 72 hours antibacterial 
property was reduced but it still retained feirly good 
activity against B. subtilis, S. alias, S. pyegauu 
and JBL eclu One washing with thorough soap 
scrubbing and washing under running tap water, 
reduces the antibacterial activity to a slight extent 
and is srill active against all the organisms studied. 
After 3 such rigorous soap washing antibacterial 
action against S. typhi and S. fascalis and after 
five such washings activity against S* aureus and 
P.pyocyatua disappeared- After ten such washings 
activity still persisted against B. subUlis, S. pyogenes, 
S. olbus and jE. c<rf£. Thus it is noted this anti- 
bacterial activity in gauze having treatment 3 is 
quite stable and is suitable for use after long storage. 



When gauze having treatment 3 was kept in 
contact wnh artificial wounds for a few days on 
albino rats no untoward effect was noted. 

Thus laboratory evaluation shows that cotton 
material treated with 0.4% ammoniaeal silver 
chloride and 1% Acinol is suitable for a clinical, trial 
for using as ready-to-use antiseptic dressing? on 
human wounds. It may be pointed out that Ghose 
and Sengupta 1969 had prepared nontoxic, stable 
ready-to-use antiseptic surgical gauze suitable for 
using on wound. It suffered from drawbacks of 
being black in colour and of low bursting strength. ' 
The treatment recommended in this report for 
preparing nontoxic sterile antiseptic surgical dress- 
ings is free from these drawbacks. 
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SEQUESTERED METAL BIOCIDES 
USING IONIC POLYMERIC STABILIZING AGENTS 

FIELD OF THE INVENTION 

The present invention relates generally to biocides for 
5 water systems such as swimming pools , spas, cooling towers, 
or other industrial applications, and more particularly to 
biocides using copper, silver or zinc as their active agent. 

BACKGROUND OF THE INVENTION 

Certain metals, such as copper, silver, zinc, etc., are 

10 known to possess biocidal qualities when used in circulating 
water systems. Unfortunately, many metal ions easily 
precipitate in alkaline or near-alkaline water conditions as 
insoluble salts of oxides, hydroxides, and/or carbonates, 
removing the metals from the system and thus removing the 

15 ability of the metal ion to act as a biocide. 

In order to improve the efficacy of metals to act as 
biocides in water, sequestering agents, such as 
alkanolamines, aminocarboxylic acids or citric acid have been 
used to improve the stability of the metal in aqueous 

20 solutions conditions. These simple, organic compounds 

contain amine, hydroxyl, and carboxyl functionalities that 
exhibit sequestration capacity for polyvalent metal cations. 
Problems remain however, because alkanolamines, 
aminocarboxylic acids, and citric acid deteriorate quickly in 

25 the presence of halogens and other oxidizers, bacteria, 
sunlight or heat, thus allowing the metal to become 
unsequestered and subject to loss due to precipitation. The 
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net result in pools, spas, cooling towers or other water 

systems is a loss of activity of the metal ions. » 

Another problem encountered in water treatment 
applications, such as swimming pools or spas, is that metals * 

5 precipitate to form unsightly stains on the pool's surface. 
In particular, metal hydroxides, metal oxides and metal 
carbonates are known to cause unsightly stains that are 
difficult to remove. 

A need therefore exists for a method of stabilizing 

10 soluble metals for longer periods of time during treatment 

and application, thereby increasing their effective life and 
preventing stains from occurring on swimming pool surfaces. 
The present invention addresses that need. 
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SUMMARY OF THE INVENTION 



10 



Briefly describing one aspect of the present invention 
there are provided metal-containing biocides for treating 
swimming pool water without staining the sides of the pool. 
The inventive biocidal compositions include a source of a 
metal such as copper, silver, zinc, etc., and a polymeric 
sequestering agent. The polymeric sequestering agent may be 
a water-soluble anionic polymer or a water-soluble cationic 
polymer. Conventional sequestering agents may also be 
included in the composition. 

One object of the present invention is to provide 
metal-containing biocides that do not stain the solid 
surfaces of a swimming pool. 

A second object of the present invention is to provide a 
metal-containing biocidal composition that maintains activity 
longer due to stabilization of metal ions in solution by 
polymeric sequesterants . 

Further objects and advantages of the present invention 
will be apparent from the following description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG . 1 shows the residence time of soluble copper, 
copper /polymer and copper tr iethanolamine using 28 liter 
aquaria (error bars equal to ± one std. deviation). 
5 FIGS. 2 and 3 show equivalent residence times for those 

samples containing copper/TEA and copper/polymer formulations. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
preferred embodiments and specific language will be used to 

5 describe the same. It will nevertheless be understood that 
no limitation of the scope of the invention is thereby 
intended, such alterations and further modifications in the 
described device, and such further applications of the 
principles of the invention as illustrated therein being 

10 contemplated as would normally occur to one skilled in the 
art to which the invention relates. 

As previously indicated, the invention relates to 
improved biocidal formulations for water treatment 
applications based on an improved method of stabilizing 

15 , metals such as copper, silver, zinc, etc. The invention 
employs ionic polymeric stabilizing agents, preferably in 
conjunction with a conventional organic sequestering agent 
such as alpha-hydroxyacids and the like, to sequester 
elemental metal cations. This formulation stabilizes metals 

20 even in alkaline environments and prevents their loss due to 
precipitation, thereby increasing the effective life of the 
biocide and preventing staining of swimming pool surfaces. 

In one aspect of the present invention the metal is 
provided as a soluble or insoluble metal salt such as metal 

25 acetates, metal chlorides, metal formates, metal nitrates, 
metal sulfates, or metal carbonates. The metal may also be 
present in its elemental form. The amount of metal salt 
present may vary from 0.01% to 99.9% by weight as a single 
metal salt or mixed metal salt composition. Preferably, the 

30 metal salt is present in an amount of about 1% to 40% by 
weight of the composition. The amount of elemental metal 
sequestered in the formulation may range from 0.01% to 30%, 
with 1% to 10% being preferred, and 3% to 8% being most 
preferred. 
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In some preferred embodiments, the invention uses 
water-soluble anionic polymers such as polyacrylic acid, 
polymethacrylic acid, polyvinyl sulfonic acid, polystyrene 
sulfonic acid, polymaleic acid, polyaspartic acid, 

5 polyphosphino carboxylic acids, copolymers, terpolymers, or 
tetrapolymers thereof or the sodium, potassium, calcium salts 
or metal salts of said polymers. In other preferred 
embodiments, water-soluble cationic polymers such as 
poly [oxye thy lene-< dimethyl imino) ethylene- ( dimethyl imino) 

10 ethylene dichloride] , polyethylene imine, dialyl dimethyl 
ammonium chloride, polyacrylamide derivatives, polyamines, 
polyvinyl amine, chitosan, polyethylene amine or a polymer of 
1, 6-hexanediamine-N,N,N ' ,N ' -tetramethyl or the fluoride, 
chloride, or bromide salts thereof, and the like are used. 

15 The amount of polymer or mixture of polymers present in the 
composition may vary from 0-01% to 99,9% by weight; however, 
10% to 50% is preferred. 

The molecular weight of the ionic polymeric agent is 
preferably between about 500 Da and 20,000,000 Da, with 

20 polymers having a molecular weight of between about 1,000 Da 
and 5,000,000 Da being more preferred, and polymers having a 
molecular weight of between about 1,000 Da and 1,500,000 Da 
being most preferred. 

In one aspect of the invention, conventional organic 

25 sequestering agents are used with the polymeric agent. For 
example, hydroxy-carboxylic acids, arninocarboxylic acids, 
polyamines, alkanolamines , polyphosphates, phosphonic acids, 
crown ethers, amino acids, etc. may be used in conjunction 
with the polymeric agent as described below. In certain 

30 preferred embodiments organic acids such as, e.g.. oxalic 

acid, suberic acid, acetic acid, tricarballic acid, succinic 
acid, malonic acid and maleic acid, and the salts thereof, 
are used. Especially preferred are the hydroxy-carboxylic 
acids such as, e.q . , citric acid, gluconic acid, tartronic 
35 acid, lactic acid, tartaric acid, malic acid, glyceric acid, 
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or tetrahydroxy succinic acid, and the salts thereof, and the 
lactone or ester forms of such acids- The organic acids and 
hydroxy-acids are preferred in certain embodiments because 
the other noted sequestering agents are sources of nitrogen 

5 and phosphorous, two critical nutrients for algae growth. 

These conventional sequestering agents are typically added to 
the composition at 0-01% to 99.9% by weight; however, 5% to 
40% is preferred/ 

Optionally, other components like dyes, perfumes, 

10 stabilizers, etc. can be included in the formulas described 
herein. 

Example X 

Preparation of a copper composition with an anionic 
polymer and a co nventional organic sequestering agent. 

15 Forty grams of a 50% solution of partially neutralized 

(10 to 50 percent) polyacrylic acid was combined with 25 
grams of anhydrous citric acid, 15 grams of water and 20 
grams of copper sulfate pentahydrate . This formulation was 
heated and stirred to allow the copper sulfate to go into 

20 solution. This formulation yields a thick royal blue liquid 
that contains 5.1% elemental copper. 

Example 2 

Pre paration of a copper composition with an anionic 
polymer and a conv entional organic sequestering agent. 

25 Forty grams of a 50% solution of a copolymer of maleic 

anhydride and styrene sulfonate, 20 grams of glucono- 
deltalactone and 22 grams of copper acetate are heated and 
stirred with 18 grams of water to yield a very dark blue 
liquid formulation that contains 7.8% elemental copper. 
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Example 3 

Preparati on of gpppgy qpmppsitipn with a qaUPtUC 
polymer and a conventional sequestering agent . 

Thirty-five grams of ethylene-diamine tetraacetic acid 
5 disodium salt (EDTA) is reacted with 13.5 grams of copper 
carbonate and 41.5 grams water. Some carbon dioxide is 
released in this reaction. 30 grams of a 50% solution of a 
polymer of 1, e-hexanediamine-N^N^ 1 , N • -tetramethyl chloride 
salt is added. This formulation will yield a thick blue 
10 liquid that contains 5.8% elemental copper. 

Example 4 

Preparation of a copper composition with an anionic 
polymer and a conventional organic sequestering agent . 

Forty grams of a 40% solution of 2-Propenoic acid polymer 
15 with 2-hydroxy-3-(2-propenyloxy)-l-propanesulf onic acid 

monosodium salt (a copolymer of acrylic acid and an allyloxy, 
hydroxypropyl sulfonate) , 20 grams of gluconodeltalactone and 
28 grams of copper sulfate pentahydrate are heated and 
stirred with 8 grams of potassium hydroxide and 4 grams of 
20 water to yield a very dark blue liquid formulation that 
contains 7.1% elemental copper. 

Example 5 

Preparat ion of a copper composition with an anionic 
polymer . 

25 Fifty grams of a 40% solution of 2-Propenoic acid polymer 

with 2-hydroxy-3-(2-propenyloxy)-l-propanesulf onic acid 
monosodium salt (a copolymer of acrylic acid and an allyloxy, 
hydroxypropyl sulfonate) , 12 grams of hydrochloric acid and 
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25 grams of copper sulfate pentahydrate are heated and 
stirred with 13 grams of water to yield a very dark blue 
liquid formulation that contains 6.4% elemental copper. 

Example 6 

5 Preparat ion of a copper composition containing a mixture 

of high and low molecular weight polvanions and a 
conventi onal sequestering agent. 

Twenty-five grams of a 40% solution of 2-propenoic acid, 
10 polymer with 2-hydroxy-3~(2-propenyloxy)-l-propanesulf onic 
acid monosodium salt, a copolymer of acrylic acid and an 
allyloxy, hydroxypropyl sulfonate, 18 grams 

glucono-deltalactone, 15 grams of polyacrylic acid (molecular 
weight 1,000,000 to 1,500,000 Da) sold under the trade name 
15 (Aquatreat® AR-7H) , 4 grams potassium hydroxide and 26 

grams of copper sulfate pentahydrate are heated and stirred 
with 12 grams of water to yield a very dark blue liquid 
formulation that contains 6.6% elemental copper. 

5xampte 7 

20 Preparat ion of a drv mixed metal composition containing a 

pol ymer salt combined with a conventional sequestering agent . 

Seventy-four and one-half grams of copper sulfate 
pentahydrate, 60 grams of citric acid, 60 grams of sodium 
polyacrylate, 5 grams of zinc sulfate, 1 gram of silver 
25 nitrate. This mixture is stirred using a dry component 

mixing device such as a V blender This mixture is packaged 
as is or compressed into a stick or puck to change the 
dissolution characteristics. 
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gxample 8 

Prepar ation of a copper composition with a high molecular 
weight cat ionic oolvmer and a conventional sequestering agent. 

Forty-two grams of triethanolamine is reacted with 28 
5 grams of copper sulfate pentahydrate and 25 grams of water. 
Five grams of a dialyl dimethyl ammonium chloride high 
molecular weight cationic polymer is added to the formula. 
This formula gives a very dark blue solution containing 7,1% 
copper. 

10 Example 9 

Preparation of a silver composition with an anionic 
polymer*.. 

Fifteen grams of a 40% solution of 2-propenoic acid 
polymer with 2-hydroxy-3-( 2-propenyloxy) -1-propanesulf onic 
15 acid monosodium salt (a copolymer of acrylic acid, and an 
allyloxy, hydroxypropyl sulfonate), and 2 grams of silver 
nitrate are diluted in 83 grams of water to give a clear 
yellow solution that has 1.3% elemental silver. 

Examp le 1 0 

20 Preparation of a zinc composition with an anionic polvmer 

and a conventional seouestering agent. 

Twenty grams of a 25% solution of salt (a copolymer of 
maleic anhydride and styrene sulfonate), 2 grams citric acid 
and 5 grams of zinc acetate are diluted in 80 grams of water 
25 to give a light yellow solution that has 1.8% elemental zinc. 

Examples 11-13 
Biocidal effectiveness. 

Minimum inhibitory concentration (MIC) laboratory studies 
were performed to demonstrate that the compositions of the 
30 present invention retained their biocidal efficacy. MIC data 



Printed: 10-09-2008 



ODOCP 



EP 98 954 966 



WO 96/39837 PCT/US96/07872 

-11- 

gives the minimum concentration of biocide needed to prevent 
growth of the algae in a culture. 

The MIC studies are performed in sterile glassware using 
both viability and sterility controls. An algae suspension 

5 is added to test tubes containing the appropriate amounts of 
test biocide and the tubes are incubated for two weeks under 
fluorescent lights (on a "12 hour on"/"12 hour off lighting 
regimen) . The cultures are then measured by visual 
observation to determine the presence of living algae. 

10 As seen in Examples 11-13/ there was equivalent biocidal 

activity between free elemental copper as copper sulfate, 
copper complexed with triethanolamine ("TEA"), and the 
polymer sequestered copper at equivalent doses of active 
copper present against various blue-green and green algal 

15 species. 



Example 11 

MIC results aoainst Phormidium so. using various 
concentrations of copper . 



Copper Cone, (ppm) 0, 5.0 


0r25 


Or 135 


0,065 


0.025 


Unsequestered 
Copper „ 










TEA Sequestered 

Chopper - 










Polymer Sequestered 
Coppse 











(-) indicates no algae growth was seen 
(+) indicates algae growth was seen 




Printed: 10-09-2008 



ODOCP 



i - 



EP 98 954 966 



WO 96/39837 PCT/US96/07872 

-12- 



Eyample 12 

MIC results against Phormidium inudatum using various 
QQnc^ntra.tiong <?£ copper. 
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Copper Cone, (ppm*_ 




0.5 


p. 25 0,125 


Unsequestered 








TEA Sequestered 

Copper - 








Polymer Sequestered 
Copper 









(-) indicates no algae growth was seen 
(+> indicates algae growth was seen 



Example I? 

MIC results against Chlorella sp. using various 
concentrations of copper. 



Coooer Cone. (ppmY 10.0 


9,Q 


,8.Q 


7 t 0 


<5,Q 


Unsequestered 

Copper - „ 










TEA Sequestered 

Copper _ ... . r 










Polymer Sequestered 
Copper - 








+ 



(-) indicates no algae growth was seen 
(+) indicates algae growth was seen 

Sample 14 

25 yi,eifl tests. 

Further tests were done using test swimming pools 
infested with algae. These pools were treated with either 
the polymer sequestered copper or copper triethanolamine at a 
concentration of 0.7 to 0.5 ppm. All the pools treated with 

30 the formulation of the invention killed the algae; however 
some of those pools treated with the copper triethanolamine 
complex failed to kill the algae. The polymer additive may, 
unexpectedly, effectively "deliver** the copper to the cell 
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wall, thus bringing higher concentrations of the copper in 
closer contact with the cell. This may be a mechanism to 
explain the result because copper triethanolamine works by 
simple diffusion. 

5 ExgmplQ 1$ 

Residence time of copper. 

Soluble elemental copper is easily removed from solution 
through filtration and by combining with carbonate, chloride 
or hydroxide ions that are commonly found in process water, 

10 such as swimming pools, spas or industrial water applications 
to form insoluble copper carbonates and hydroxides. 
Sequestered metals do not readily form these insoluble salts 
or filter out of the system. Thus, sequestered metals have a 
higher residence time in the water. This allows the metal to 

15 work for longer periods of time. 

The residence time of copper was tested using a system of 
aquaria. Copper was tested in various sequestered forms and 
as free soluble copper. Initially, the copper concentration 
will be 1.25 ppm as Cu ++ . Copper concentrations were 

20 tested photometrically using a HACH 3000 colorimeter. 

Initial copper concentrations were tested 15 minutes 
after the addition of granular or liquid ingredients. Copper 
concentrations were checked at 24 hours and 48 hours. The 
volume of the aquarium is 28 liters. The experimental design 

25 tested a copper sulfate only control, a copper 

triethanolamine (TEA) complex, and the polymer-copper. See 
FIG. 1. 
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Residence time in field tests- 

Residence times were tracked in field pools that were 
treated with either copper sequestered with TEA or copper 
sequestered with polymer. The tests show equivalent 
residence times for those samples containing copper/TEA and 
copper/polymer formulations. See FIGS. 2 & 3 . 

Examples 3L7-2Q 
Biocidal effectiveness . 

Minimum inhibitory concentration (MIC) laboratory studies 
were performed to demonstrate that the compositions of the 
present invention retained their biocidal efficacy. MIC data 
gives the minimum concentration of biocide needed to prevent 
growth of bacteria in a culture. 

Individual MIC's were determined by screening on 
microtiter plates. In order to determine the MIC's, 50 \il 
of phosphate water is added to each row in columns 2-12. 
Next, 100 |Ll of a biocide is added to column 1 (A-H) . Fifty 
microliters of the biocide is removed from column 1 and 
serially diluted from columns 2-11 using an eight tip 
pipettor (octapette) . Finally, 50 \il of microbial inoculum 
is added to columns 1-11 (all rows) and column 12 (row A and 
E only). Column 12 serves as the row for sterility and 
viability controls. 

9 

Bacterial inoculua contain about 1 x 10 colony forming 
units (cfu) per ml are prepared in 1/5 strength Nutrient 
broth. Bacterial microtiter plates are incubated at 37°C for 
48 hours. MIC's are determined by visual observation of the 
plates. 

As seen in Examples 17-20, there was equivalent biocidal 
activity between free elemental silver and the polymer 
sequestered silver at equivalent doses of active silver. 
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gxample 17 

MIC results against E.Coli using various c oncentrations 
of silver. 



15 



25 



Silver Cone, (ppnt) 


25 


12,5 


3,1 


1.56 


0,39 


Unsequestered 
Silver 








+ 


+ 


Polymer Sequestered 
Silver 








t 


+ 



<-) indicates no bacterial growth was seen 
(+) indicates bacterial growth was seen 

10 Example 18 

m.C..jcjsPMAtg..-9.q9ing1; S« aureus .Mslyig vLSLXlsms concentrations 



Silver Cone, (ppm) 


25 


12,5 


1,5$ 


0,7? 


0,3? 


Unsequestered 
Silver 








+ 


+ 


Polymer Sequestered 
Silver 








+ 


+ 



(-) indicates no bacterial growth was seen 
(+) indicates bacterial growth was seen 

20 Example 19 

MIC results against E.Coli using various concentrations 
Qf copper t 



Cqp.p.£X, Cope, (ppm) 


50 


25 


12.5 


1,56 


0,78 


Unsequestered 
Copper 






+ 


+ 


■+ 


Polymer Sequestered 
Copper 






t 


+ 


+ 



(-> indicates no bacterial growth was seen 
(.+ ) indicates bacterial growth was seen 
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EaampJte 2Q 



piTC results against S. aureus using various concentrations 
of copper.,. 



Conner Cone, (vvmh 


25 


12,5 


1.56 


0.78 


Qt39 


Unsequestered 
Copper 








+ 


+ 


Polymer Sequestered 
Copper . 








+ 





<-) indicates no bacterial growth was seen 
(+) indicates bacterial growth was seen 



While the invention has been illustrated and described in 
detail in the drawings and foregoing description, the same is 
to be considered as illustrative and not restrictive in 
character, it being understood that only the preferred 
embodiment has been shown and described and that all changes 
15 and modifications that come within the spirit of the 
invention are desired to be protected. 
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CLAIMS 

What is claimed is: 

1. A biocidal composition for treating water, 
comprising : 

(a) an biocidally effective source of a member 

5 selected from the group consisting of copper, silver, zinc, 
and mixtures thereof; and 

(b) a polymeric sequestering agent. 

2. A biocidal composition according to claim 1 wherein 
said polymeric sequestering agent is a water-soluble anionic 

10 polymer. 

3. A biocidal composition according to claim 1 wherein 
said polymeric sequestering agent is a water-soluble cationic 
polymer. 

4. A biocidal composition according to claim 1 and 

15 further including an organic sequestering agent differing in 
composition from said polymeric sequestering agent. 

5. A biocidal composition according to claim 2 wherein 
said water-soluble anionic polymer is a member selected from 
the group consisting of polyacrylic acid, polymethacrylic 

20 acid, polyvinyl sulfonic acid, polystyrene sulfonic acids, 
polymaleic acid, polyaspartic acid and polyphosphino 
carboxylic acid. 

6. A biocidal composition according to claim 5 wherein 
said water-soluble anionic polymer is a copolymer, 

25 terpolymer, or tetrapolymer of one or more of said 
water-soluble anionic polymers. 
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7. A biocidal composition according to claim 5 wherein 
said water-soluble anionic polymer is provided as a salt. 

8. A biocidal composition according to claim 3 wherein 
said water-soluble cationic polymer is a member selected from 

5 the group consisting of poly[oxyethylene-(dimethylimino) 

ethylene-(dimethylimino) ethylene dichloride] , polyethylene 
imine, dialkyl dimethyl ammonium chlorine, polyacrylamide 
derivatives, polyamines, polyvinyl amine, chitosan, 
polyethylene amine and polymers of 1 , 6-hexanediamine-N, N, N ■ - 

10 tetramethyl. 

9. A biocidal composition according to claim 5 wherein 
said water-soluble cationic polymer is a copolymer, 
terpolymer, or tetrapolymer of one or more of said 
wa ter-soluble cationic polymers. 



15 



20 



25 



10. A biocidal composition according to claim 8 wherein 
said water-soluble cationic polymer is provided as a salt. 

11. A biocidal composition according to claim 1 wherein 
said polymer is present in an amount of between about 10% and 
about 50%, by weight of the composition. 

12. A composition according to claim 1 wherein said 
polymeric sequestering agent has a molecular weight of 
between about 500 Da and about 20,000,000 Da. 

13. A composition according to claim 12 wherein said 
polymeric sequestering agent has a molecular weight of 
between about 1,000 Da and about 5,000,000 Da. 



14 . A composition according to claim 13 wherein said 
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polymeric sequestering agent has a molecular weight of 
between about 1,000 Da and about 1,500,000 Da. 

15. A method of reducing the ability of metal-containing 
biocides to stain pool surfaces, comprising providing the 

5 metal-containing biocide to a pool in a form in which at 
least some of the metal is sequestered by a polymeric 
sequestering agent . 

16. A method according to claim 15 wherein said 
polymeric sequestering agent is a water-soluble anionic 

10 polymer; 

17. A method according to claim 15 wherein said 
polymeric sequestering agent is a water-soluble cationic 
polymer. 

18. A method according to claim 15 wherein said biocidal 
15 composition further includes an organic sequestering agent 

differing in composition from said polymeric sequestering 
agent. 

19. A method according to claim 15 wherein said 
water-soluble anionic polymer is a member selected from the 

20 group consisting of polyacrylic acid, polymethacrylic acid, 
polyvinyl sulfonic acid/ polystyrene sulfonic acids, 
polymaleic acid, polyaspartic acid and polyphosphino 
carboxylic acid. 

20. A method according to claim 16 wherein said 

25 water-soluble anionic polymer is a copolymer, terpolymer, or 
tetrapolymer of one or more of said water-soluble anionic 
polymers. 

21. A method according to claim 16 wherein said 
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water-soluble anionic polymer is provided as a salt. 

22. A method according to claim 17 wherein said 
water-soluble cationic polymer is a member selected from the 
group consisting of poly[oxyethylene- (dimethylimino) 
ethylene- < dimethyl imino) ethylene dichloride] , polyethylene 
imine, dialyl dimethyl, ammonium chloride, polyacrylamide 
derivatives, polyamines, polyvinyl amine, chitosan, 
polyethylene amine, polymers of 1, 6-hexanediamine-N,N,N ' ,N • - 
tetramethyl . 

23. A method according to claim 17 wherein said 
water-soluble cationic polymer is provided as a salt. 

24. A method according to claim 15 wherein said polymer 
is present in an amount of between about 10% and about 50%, 
by weight of the composition. 

25. A method according to claim 15 wherein said 
polymeric sequestering agent has a molecular weight of 
between about 500 Da and about 20,000,000 Da. 

26. A method according to claim 25 wherein said 
polymeric sequestering agent has a molecular weight of 
between about 1,000 Da and about 5,000,000 Da. 

27. A method according to claim 26 wherein said 
polymeric sequestering agent has a molecular weight of 
between about 1,000 Da and about 1,500,000 Da. 

28. A method extending the useful life of a 
metal-containing biocide, comprising providing the 
metal-containing biocide to a pool in a form in which at 
least some of the metal is sequestered by a polymeric 
sequestering agent. 
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29. A method according to claim 28 wherein said 
polymeric sequestering agent is a water-soluble anionic 
polymer . 

30. A method according to claim 28 wherein said 
polymeric sequestering agent is a water-soluble cationic 
polymer . 

31. A method according to claim 28 wherein said biocidal 
composition further includes an organic sequestering agent 
differing in composition from said polymeric sequestering 
agent. 

32. A method according to claim 29 wherein said 
water-soluble anionic polymer is a member selected from the 
group consisting of polyacrylic acid, polymethacrylic acid, 
polyvinyl sulfonic acid, polystyrene sulfonic acids, 
polymaleic acid, polyaspartic acid and polyphosphino 
carboxylic acid. 

33. A method according to claim 30 wherein said 
water-soluble cationic polymer is a member selected from the 
group consisting of poly [oxyethylene-(dimethylimino) 
ethylene- (dimethylimino) ethylene dichloride] , polyethylene 
imine, dialyl dimethyl, ammonium chloride, polyacrylamide 
derivatives, polyamines, polyvinyl amine, chitosan, 
polyethylene amine, polymers of 1, 6-hexanediamine-N,N,N' ,N' - 
tetramethyl. 

34. A method according to claim 28 wherein said polymer 
is present in an amount of between about 10% and about 50%, 
by weight of the composition. 

35. A method according to claim 28 wherein said 
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polymeric sequestering agent has a molecular weight of 

between about 500 Da and about 20,000,000 Da, < 

36. A method according to claim 35 wherein said ^ 
polymeric sequestering agent has a molecular weight of 

between about 1,000 Da and about 5,000,000 Da. 

37. A method according to claim 36 wherein said 
polymeric sequestering agent has a molecular weight of 
between about 1,000 Da and about 1,500,000 Da. 
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